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SUMMARIES 

1. Paragraph Summary 

THA-MASTER is a model program for the training of teachers from other 
disciplines and/or other grade levels as secondary school teachers of 
mathematics and physics. The program for each discipline includes brief 
refresher courses; especially designed content courses given in discrete 
time blocks and workshops and laboratories. Methods are presented as in 
integral part of each course. THA-MASTER has been offered aif eight 
university sites and two school districts and a chemistry model has been 
developed within the last year. THA-MASTER model creates a mechanism for 
dealing with teacher shortage/teacher surplus on a regular basis; 
provides horizontal career opportunities for teachers; attracts women 
and minoritites; encourages cooperation among universities and school 
systems; and helps universities revitalize their own programs and 
curriculum by creating a new flow of students. It is cost effective and 
has led directly to new grants and awards for thos universities 
involved. 

Madeleine J. Long 

Director, The Institute for the Advancement 

of Mathematics and Science 
Brooklyn Campus 
Long Island University 
1 University Plaza 
Brooklyn, NY 11201 
(718) 403-1056 

THA-MASTER, The Hellman Academy for Mathematics and 
Science Teacher Education Retraining 
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B.l Executive Summary 



THA-MASTER, The Hellman Academy for Mathematics and Science Teacher 
Education Retraining 



A. Project Overview 

A critical nationwide need for teachers of mathematics and science has 
existed in this country for a variety of reabons. In 1975-1976 the 
situation became intolerable when the nation's largest school system, 
that oi New York City, utilized massive layoffs and excessing as a 
means of resolving its fiscal crisis. Seed money from the National 
Science Foundation enabled the Brooklyn Campus of Long Island 
University to develop a small scale realistic retraining program for 
teachers of mathematics. Support from the Fund for the Improvement of 
Postsecondary Education has made possible the extension of this project 
to include science. it has also enabled its dissemination to 
universities and school districts across the country. An EESA Title II 
grant supplemented FIPSE aid by providing stipends to participants. In 
an important sense, THA-MASTER program proved to be one of the earliest 
cooperative ventures betw^ .n the NSF and FIPSE, 



B. Purpose 

THA-MASTER empowers institutions of postsecondary education to meet the 

needs of local school systems through the retraining of science and 

mathematics staffs. It disseminates its new curriculum model to 

universities and colleges across the United States. The network it 

develops enables THA-MASTER initiatives to continue following the 
conclusion of the funding period. 



C. Backqrounc^ and Origins 



In the mid-1970 "s, when tfefi^ew York City Board of Education laid off 
and excessed thousands of tegtt few&i ^ response to the City's fiscal 
crisis/ adherence to contractual obi%|^ions caused firings of staffs 
by seniority rather than by certificara^S^^. There arose a need to 
retrain teachers in disciplines other than m^ri^^atics and science so 
that they could fill vacancies in these criticalS<ifeas. What was needed 
was a program acceptable both tc mathematicians an^^^fc^^^^educators and 
manageable for teachers. The program would have to a^^^itoximate the 
content of the traditional mathematics major but yet take n^^^^J^ccount 
the needs and backgrounds of classroom teachers as well ^hL^ the 
requirements for state certification and city licensure^ 
appropriate. The first planning group included representatives of the 
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University, New York State Education Department, New lork City Board of 
Education and post secondary mathematics educators. Subsequently, the 
planning group has been expanded to include faculties from New Jersey 
to Oregon. 



D. Project Description 

Experienced teachers who were not mathematics or science undergraduate 
majors are offered a series of graduate courses designed cooperatively 
by university faculty, teachers, supervisors, state education officials 
and consultants. The curriculum assumes little or no prior knowledge in 
each subject area, Individual participants needs are met through 
flexible grouping techniques. The dissemination effort has resulted in 
the receipt of more than 150 formal inquiries for replication in the 
two year period of August, 1983 through August, 1985. As the result of 
the FIPSE grant, funding has been awarded by Long island University to 
Beaver College, The University of Miami, Arizona State University, 
Trenton State College, Texas Woman's University, University of Northern 
Colorado and Western Oregon State College. 



E. Project Results 



A formal evaluator was hired to design and conduct the evaluation. An 
overwhelming 92 percent of the participants stated they planned to 
teach mathematics as a result of THA -MASTER. More than 80 percent of 
the initial group secured mathematics licenses from the New York Cicy 
Board of Education. THA-MASTER students do well when compared with 
regularly trained teachers and substantially better_ jthan those 



recertified outside of this program.^ 
positively by participants with "A", 
all courses in the program. There vfspte no 
two isolated ratings of "C". 



Disseininaticn Site^ 



or 



^aluated very 
typic^r^l«i±ing of 
ratings ana\ only 




The local project dire^j^s were unanimous in their support of th\ 
project and of the q^i^ty of assistance received from the founding 
site. The majorit^^^f the sites have continued to work with the 
Institute for the Jb^^ancement of Mathematics and Science at L.I.U. And, 
among them, thprsites have raised in excess of a half million dollars 
to continue t|^ efforts started under FIPSE funding. Great interest has 
been shown^^i^y universities and school systems of Puerto Rico partially 
as a resif^ of the San Juan Conference of 1986. 



P# Summary jand Conclusions 



The TKA -MASTER pr ^ram is an effective economical approach for the 
recruitment and retraining of teachers in the critical areas of 
mathematics and science. It is an appropriate approach for rural^ urban 
and suburban areas as well as for special interest groups wishing to 
provide quality education for all pupils. FIPSE funding permitted us to 
develop a model for inter^university cooperation as well as for the 
evolutionary development of cooperative efforts among faculty of 
education and arts and sciences faculties, universities and school 
districts and state education departments. As an example, the Portland 
Public Schools, in Portland, Maine initially brought together Maine 
State Education officials and THA-MASTER directors to consider the 
feasibility of implementing THA-MASTER in Portland. The successful 
initial meeting resulted in THA-MASTER being funded by Portland and an 
ultimate change in Maine's certification regulations. 



^4 
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FINAL REPORT 

THA-MASTER, The Hellman Academy for Mathematics and Science Teacher 
Eduaction Retiaininq t 

Long Island University, Brooklyn Campus 
University Plaza 
Brooklyn, New York 11201 

Madeleine J, Long, Ed.D. 
(718) 403-1056 

L PCQjeCt Overview 

The Hellman Academy was developed in response to a critical nationwide 
need for mathematics and science teachers. New York City typified the 
problem in 1975-1976 when urban fiscal difficulties resulted in teacher 
excessing and lay-offs in most educational areas, coupled with severe 
shortages of secondary school mathematics and physical science teachers. 
The mathematics model was initiated and developed at The Brooklyn Campus 
of Long Island University with grants from the National Science 
Foundation from 1977-1981. It has continued with support from the Fund 
for the Improvement of Postsecondary Education since 1S83, it is housed 
at the Institute for the Advancement of Mathematics and Science at The 
Brooklyn Campus of Long Island University and is also offered at 
universities and school districts across the country. The formal project 
culminated with a Dissemination Conference held in San Juan, Puerto Rico 
and co-sponsored by Inter American University and Long Island 
University. 

B. Purpose 

The major purposes of THA-MASTER include: 

* Continuation and improvement of the project at Long Island 
University. 

* Development of science models similar to the mathematics model. 

5 
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Dissemination of science and matl- ematics models to universities and 
colleges across the United States « 

* Development of a network of universities^ collegesr state education 
departments and local school districts to continue THA-MASTER 
initiatives at the conclusion of the funding period. 

* Creation of a new curriculum model which distinguishes, 
theoretically and practically, between professional mathematicians 
anc scientists and secondary school teachers. 

c. BacKground and oricins 

The Board of Education of the City of New York signaled the need for a 
specific retraining program in the mid-1970 's when it laid off thousands 
of teachers and simultaneously announced a critical shortage of 
mathematics ard physical science teachers. The largest school system in 
the United States had announced its intention to give first priority for 
job openings to its own laid off teachers rather than seek new recruits 
formally and traditionally trained in mathematics. Clearly the Board was 
interested in retaining experienced teachers — although there was no 
initial evidence to suggest that it was searching for the most able or 
best qualified from among those who had been laid off. 

Faced with the inevitability of the Board's decision, the challenge was 
to create a program acceptable to mathematicians and educators and 
manageable for teachers. The first attempt was aimed at developing a 
program which would approximate the formal study of a mathematics major, 
while taking account of state certification requirements, the unique 
learning styles of adult learners, and the particular backgrounds and 
needs of classroom teachers. 

The very first planning group involved a university mathematics 

6 
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chairman, the director of the Education Division, an Arts and Sciences 
dean who was also a physicist, a high school assistant principal for 
'nathematicSf the Chief of the Bureau of Mathematics Education and che 
Bureau Chief of Teacher Education, NYSED, the New York City Board of 
Education's Executive Personnel Director and Dr. Morris Kline, Professor 
Emeritus at New York University's Courant Institute of Mathematics 
Sciences. In the ten year period since THA-MASTER's inception, 
mathematics faculty from New Jersey to Oregon have been added to the 
planning group. 

The National Science Foundation funded the mathematics retraining 
program in its early years, while the Fund for the Improvement of 
Postsecondary Education provided the funds to improve and extend the 
original efforts, create a science model and test both the science and 
mathematics models at different sites. In an important sense this 
program proved to be one of the earliest cooperative ventures between 
the NSF and FIPSE. 

D. Proiect Description 

The mathematics model has been offered at Arizona State University, 
Beaver College, the University of Miami, Texas Woman's College, Trenton 
State College and VJestern Oregon State College. The school district of 
Portland, Maine and the Great Neck Unified School System on Lona Island 
have also adopted the mathematics model. The physics model was offered 
at the University of Northern Colorado. With the exception of one 
university, all projects are housed in mathematics or physics 
departments. Subsequent to the funding period a chemistry model has been 
developed at Long Island University. 

7 
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The features which define THA-MASTER and make its curriculum unique 
include: 

* a series of graduate courses cocperatively designed by universi*:y 
faculty, teacherSf supervisors, state educacion officiels and 

consultants for experienced teachers who were not mathematics or 
science majors as undergraduates* 

* refresher courses which prepare students for mathematics or physical 
science programs and begin with an historical introducation to these 
disciplines as well as with consideration of tl.eir nature and aims. 
They proceed to review essential topics from conceptual and 
practical standpoints . 

* a three-tiered screening procdure tor all candidates which involves 
a special application form, an individual interview and successful 
completion of the refresher course. 

* a curriculum which assumes little or no prior knowledge and proceeds 
from the study of 

Mathematics; elementary algebra, geometry and trigonometry, through 
differential and integral calculus, to a sophisticated course whose 
topics include number theory, logic, probability, projective 
geometry, and topology. 

Physics; classical areas of mechanics, heat, sound, light, and 
electricity to modern physics. 

* th^ structures of the courses take account of the natural building 
block structure of tlx disciplines. They are sequential and modular 
anv- require mastery at each stage. 

* small workshop/recitation sessions for each lecture session where 
participants are grouped and regrouped in accordance with 
performance. Sessions are taught jointly by mathematics/science 

8 
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educators from local secondary schools and university mathematicians 
and scientists. 

* a fundamental philosophical and pragmatic distinction between the 
preparation of the future teacher of secondary school mathematics 
and physics and the traditional major most interested in research 
and/or university teaching. 
The dissenilnation function of THA-MASTER was its newest and^ perhaps, 
most exci^,ing component. FIPSE provided funos which L.I.U. awarded to a 
limited number of colleges and universities that wished to participate 
in the program and demonstrated the capability to do so. In a two-year 
periodr from August, 1983 through August, 1985, more than 150 formal 
inquiries were received from all regions of the United States and 
Canada. And inquiries continue to arrive. THA-MASTER method of funding 
appealed to colleges, universities and school districts interested in 
perf^:ming a community service, willing to commit their own funds to 
important projects and eager to become involved with a nationwide 
network of mathematicians^ physicists and educators who possess similar 
interests and motivation. The interest in THA-MASTER has been so great 
that in some instance State Education Departments have helped fund the 
project at local universities; in other^s, universities attempt to secure 
funds from the Economic Security Act so that they can join the Network. 

PURPOSE QZ THA-MASTER i{£XKi2£& CONFERENCE 

The THA-MASTER Network Conference was held in Gan Juan, Puerto Rico from 
December 3-6, 1986. It was held in Puerto Rico in order to continue the 
dissemination efforts at different sites in the United States and to 
explore the possibilities of developing a bilingual component. The 
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conference was attended by personnel from Long Island University, 

directors and teacher participants at the various sites, c^uest speakers, 

1 

and visitors from the educational community in Puerto Pico, 

2 

E. Px oieq^ B^esiilt^ 
Evaluation ^ LIQ 

To evaluate che project, data were gathered from a variety of sources: 
pre*- and post-tests of content and attitudes, interviews with project 
staff. Interviews with former students and monitoring of project 
activities. The pre-test of attitudes and demographic items was designed 
to collect basxc data, to elicit self-concepts of ability in the subject 
areas .and to determine students' evaluation of faculty, their 
experiences in the program and at the University. The post-test, 
designed so that comparisons could be made on a number of items, also 
contained a section in which students were asked to qive an overall 
evaluation of each course they took. Stude*:ts were also pre- and post- 
tested in the '^ontent areas with tests developed by the project faculty. 
Pertinent findings Include the following: 
* Students exhibit a large degree of variation on all status 

characteristics. Ages ranged from 23 to 61. Approximately 25% majored 
in elementary education as undergraduates; 25% in science; and 30% in 
social science. Smaller groups majored in such areas as speech or 
English. Most had studied beyond the master's level. 



1. See Appendix IV for Conference Proceeding's 

2. See Appendices I, II and II for Evaluation Reports. 
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* The factor selected most frequently as a reason for appyling to the 
program was the desire to teach mathematics and the appeal of the 
relatively short tim^ span required to complete the program. 

* An overwhelming 9?% of the students said th^y plan to be teaching 
mathematics as a result of THA-MASTER. Many of these studerts plan 
to continue graduate studies in mathematics. 

* Courses were evaluated very positively^ with "A^" by far^ the most 
typical rating of all courses in the program. Ther were no D or F 
ratinjs and only two isolated ratings of C. 

* The opportunity to study with other adults in courses especially 
designed and structured for this audience was regarded as essential. 
Participants paid tuition when they could have retrained at other 
institutions free of charge. 

* A major criterion of the program's su-^cess is the number of 
retrained teachers who become certified to teach mathematics. More 
than 80% of the initial group have been licensed in this area through 
the New York City Board of Education. 

Difisemlnatlon Sl^£& 

RepOiTts from the various dissemination sites have revealed interesting 
information and results, including the following: 

* Local project directors were unanimous in their support of the 
project generally and, specif icallyr of the quality of assistance 
they received from the founding site. One local director said, "I can 
get on the phone ar any time and get answers." 

* Directors report being pleased with the faculty teaching the courses. 
The syllabi r originally developed at the Long Island University 
project r were very helpfil. 

11 
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* Departments of Education and Mathematics have become closer than 
they previously were at many of the sites. 

* Plans have been made to institutionalize the program at a number of 
sites. 

* One site received approximately $200,000 In state .ands to continue 
the program started by THA-MASTER. 

* Two of the project courses are being offered to schoolteachers in the 
Philadephia School System. The local director points to the fact that 
Philadephia's support , in the form of state funding to pay for the 
courses, is a tribute to the "good press" the Long Island University 
model program has had in the area. 

* Local project directors feel they have a support system and network 
which has emerged from their formal and informal meetings and plan to 
keep it active. 

* Strategies are now being developed to establish new levels of 
collaboration between universities and school districts. 

* Constant contact indicates that THA-MASTER students do well when 

compared with regularly trained teachers and substantially better 

1 

than those recertified without benefit of this program. 

Perhaps roost significant, the majority of the sites have continued to 
work with the Institute for the Advancement of Mathematics and Science 
at LIU on new mathematics and science initiatives. Finally, the project 
director has been asked to speak about THA-MASTER at more than forty 
national and regional meetings. 

1. See Appendix IV for Site Reports 
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F. Summary ai;id Conclusions 

Retraining programs, particularly those which aim at developing 
expertise from other disciplines, have emerged as one of the more 
effective strategies for dealing with the teacher crisis. Those of us 
who have been involved in THA-MASTER since the mid-seventies are not 
surprised, what has interested us is the relative ease of adapting this 
particular model to new sei tings, its applicability to both school 
systems and universities, and its cost-effectiveness. The acceptance of 
the model and its courses as an alternate route for preparing teachers 
has been gratifying. The chairperson of the Mathematics Department at 
one participating university has said that THA -MASTER "is more effective 
than the traditional fecondary Education/Mathematics MAster's Degree 
Prograun." One state adopted the curriculum "wholesale" as its 
alternative certification route. Mathematics examiners claim there is no 
discernible difference when THA-MASTER graduates are compared, vis-a-vis 
written examinations, with traditional mathematics majors. Some 
graduates obtain mathematics positions in special high schools for the 
gifted. • .and so on. 

Positive results which have thus far ensued from THA-MASTER include: 
recruitment, training ancJ placement of new mathematics and science 
teachers; establishment of a nationwide network of faculty addressing a 
critical problem; involvement of mathematics and science departments in 
an area many have historically been unwilling to enter; a growing 
cooperative effort between schools of education and mathematics and 
science departments; a willingness to reorder and restructure basic 
content; and an emergence of the usefulness and adaptability of the 
program's design and content for significant numbers of minorities 




13 



including womenr Blacks, Native Americans, and Hispanics. 
THA-KASTER has an established and operative network and a program which 
has worked over time in many diverse settings* Because it is flexible 
and adaptable, it is a particularly useful model for implementation in 
the fifty states, in many states, funds availabe under the Education for 
Economics Security Act can be used to support the implementation of THA- 
MASTER. In fact, five such awards for programs based upon THA-MASTER 
have already been made. 

As a direct result of THA-MASTER, Long Island University created and 
institutionalized the Institute for the Advancement of Mathematics and 
Science. The Institute is a part of the University College of Arts and 
Sciences and is now responsible for a large number of special 
mathematics and science programs. It works directly with a large array 
of urban and suburban school districts and organizations like The Urban 
Coalition. Most recently, a retired Superintendent has joined its staff 
as Associate Director. 

Services Provided by THA-MAf^ER 

THA-MASTER can provide information and services to all interested 
parties who wish to become further acquainted with and involved in its 
unique program, including rural, urban, suburban and special interest 
groups wishing to further the educational excellence of their 
communities. Services of interest include; 

* course descriptions and course design 

* dissemination techniques 

* evaluation materials 

* networking 

* speakers and consultants 

14 
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* strategies for dealing with adult learners 

* technical assistance and staff development 

* videotapes 
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PROGRAM DESCRIPTION 



The main objective of this program is to retrain experienced teachers 
In the discipline of mathematics, to develop a similar program for physics, 
and to disseminate the programs to other universities. The programs are generall 
•-one-year plus summers, non-traditional-,- universltj-based. The mathematics 
progcam at the original site was maintained while the physics model was 
developed and Initiated. Both models were developed as a reaction to 
the nationwide shortage of math and science teachers and are believed 
to be highly generallzable models which can be replicated and disseminated 
to sites throughout the country. 

The structure of the program, regardless of subject, is to begin 
with a refresher course during the summer. This course is to be followed 
by a sequence of five specially developed eight *week courses in mathematics 
or physics. Each student can earn 15- ' graduate credits upon successfully 
completing the program. 

During each of the eight-week nodules, students meet twice. One 
session consists of a four-hour lecture, and the other, a four-hour 
workshop designed to enable students to review problems with an instructor. 
The %torkshop relnforc^is, reviews, and at times, extends lecture materials 
and Introduces other topics, the need for which arises in the course of the 
program. 

The second major program objective of year Jne is to select two 
regional sites in order to disseminate the mathematics program in 
the second year of the grant. 



EVALUATION, DESIGN AND OBJECTIVES 
This evaluation was designed to address the two tnajor 
foci, training and dissemination, of the Hellman Academy for 
Mathematics and Science Teacher Education Retraining (7HA- 
HASTEN) project funded by the rund for the Improvement of 
Post-Secondary Education for the 1983-86 project period. The 
project involves the adopt ion, implementation and adaption 
of a teacher training model which consists of a series of 
specially designed graduate-level courses in the subject 
area (mathematics and physics) and a dissemination process. 
The d5.ss'*mlnatlon process Includes the selection of regional 
and national university sites: selection and trairnlng of core 
faculty; recruitment' and select loa -of trainees; and conduction of 
awareness sessions for faculty, supervisors and school 
personnel • 

Training Evaluation 

In order to evaluate this component of the project, 
data were gathered from a variety of sources: pre- and 
posB-Cests of content and attitudeSf interviews vith project 
staff and students, a monitoring of project activities and 
classroom observations by project personnel. 

The pretest of attitudes and demographic items (See 
Appendix 2), designed by the evaluator, was administered in 
the fall and the pos>test was given in June. A code was 
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developed sc that pre- and post-tests could be matched with- 
out resp^ dents revealing their names. This survey instru- 
ment was designed to collect basic demographic data, to 
elicit sel£*concept of ability in the subject area, to 
determine students' evaluations of their faculty and their 
experiences in the program, as well as their experiences 
at the university generally. The post-test was designed so 
that comparisons could be made on a number of Items. In 
addition, the post*test contained a section in vnich students 
were asked to give an overall evaluation of each course they 
took by assigning a grade from A to F to the particular 
course. 

Students were also pre* and post-tesced in the content 
areas with tests developed by project faculty. Informal 
Interviews of students were conducted by the evaluator one 
week after the post-tests were completed and again in 
December, several months after the students had completed the program. 
FaciU.ty members were interviewed in order to obtain any 
suggestions they might have for change. During the spring 
semester a faculty member made 18 classroom visits to 
observe project teachers in their classrooms. Each of the 
9 teachers who are currently teaching mathematics without 
being licensed or certified to teach the subject was 
observed twice In order to see if higher exposure to the 
program had resulted in improving ability to teach 
mathematics. 
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Dissemination 

According to the proposal » two sites were to be selected for 
dissemination during the second project year. Contacts were made 
with universities all over the country. The project director 
visited 12 potential sites » Including the University of Pennsylvania, 
the University of California, DavlSr the University of Kentucky, 
the University of Miami and the University of Puerto Rico. Two 
university sites were selected: the University of Kentucky and the 
University of Miami » and a third site Is to operate In a school 
district in Great Neck» New York. Both the University of Miami and 
the University of Kentucky have sleected a core group of students 
and faculty and have begun to implement the program at their sites. 

Subsequently, the program implementation was broadened to 
include Beaver College. The Beaver College site was made possible 
as a replacement for the physics site at L.I.U. A site is also 
being developed in Portland » vuiine. 



RESULTS 



Interviews 

The program started late in 1983. It commenced in late 
SepteLiber rather than in the summer as planned • In order 
to meet the objectives of the grant, many activities were 
undertaken prior to its formal inception by the project 
staff. In the spring a^d summer preceding initi£tion, 
staff recruitment and training was completed as scheduled. 
A physics model and curriculum was developed. Students 
were recruited, applications reviewed and interviews were 
conducted. One hundred and forty-six student inquiries 
were made and 93 students submitted applications.* Of 
these, 39 students were accepted in mathematics and 14 
in physics. Thirty-one math students and 11 physics 
students started the program. After the refresher course 
and the initial course (Math or Physics 501) were completed, 
29 math students and 7 physics students remained. By 
the end of the project year there were 24 math students and 
6 physics students. 

A sample of students and faculty were interviewed by the 
evaluat or . The fact that the program started late cas a 
maj or problem» according to students and faculty. Students 
had to take the refresher course in September and Oc tober and 
begin the regular courses immediately thereafter. This did no 



.leavft time for students to review their work and overcome 
any problems that were uncovered. One faculty member and some student 
felt that four hours of lecture is too long a stretch for 
many students, especially thoie that have spent a full day 
at work. 0. ers expressed satisfaction with the format. 
Lecture time could be divided into two days or, alternatively » 
Saturday morning lectures might be an option to consider 
within the current structure if individual project personnel 
prefer a different format. 

Students were unanimous in their praise cf th*^ faculty and 
the administrator* They described the teachers as "fantastic.** 
One student expressed the feelings of the group when she 
said, "I learned a great deal. These teachers are really able 
to teacht** Another said, "Z liked being pushed to the 
limits of my ability and beyond.** The students liked the 
Interaction that existed between faculty and students. They 
praised the faculty*s emphasis on the development of com-- 
prehension. Furthermore* the enthusiasm of the faculty and 
their patience were noted repeatedly. Despite the over- 
whelming praise of the faculty and the program, most stu- 
dents found the pace grueling. They felt they needed more 
time to absorb the amount and type of material presented. 
Although students are made aware at the very beginning chat 
the time commitment is extensive » this should be reinforced 
extensively . 

Based on these interviews, it can be st a tec uneculvocally 



that the project director and her staff developed a cohesive 
group of faculty and students and cveated a postive clioate 
which supported the difficult task which is being attempted • 
Mathematics and physics are among the most demanding discip- 
lines. That the students were so positive about their ex- 
perience, despite the pace-related pressures that they felt 
and the difficulty of the content, says much for the ad- 
ministrator of the grant. 

Of the 24 Swudents who completed the mathematics 
couponent of the program, seventeen were interviewed again 
in December of 198A. The purpose of his second interview 
was to gather information concerning participants' attitudes 
towards the programt the degree to which the program prepared 
students to take the New York City licencing examination, pass 
it and be placed in teaching positions, as well as students 
recommendations for Improving the program. 

The evaluator conducted the Interviewes using an 
interview guide which consists of open and closed ended 
items. 

Participants were first asked to think back to their 
initial expectations in order to determine whether the 
program met these expectations, exceeded their expectations 
or f&ixed to meet their expectations* Of the seventeen, 
responses, ten felt their expectations had been met, four 
said the program exceeded their expectations, and three 
said the program failed to meet their expectations. Respondents 
whose expectations were exceeded were then asked to explain 
their choice. One student said he.. "had no idea what I was 
in store tor. I use math now in almost every aspect of my 



life. I look at the world in a different way, in a more 

mathematical way." This student described how he 

teaches music with an emphasis on mathematics, and claims 

it has made him a better teacher generally. Another student 

described how, as an English teacher, his mathematics has 

helped. him. He gave an exc^mple of how he has applied 

mathematical concepts to the teaching of literature* e.g. 

Poes* Goldbug, and how his students enjoy the way mathematics 

is integrated into thz teaching of literature. Another 

interesting example of how a student has applied his 

mathematics came from a teacher of driver education who now 

uses a mathematics approach. "The caluclus is beautiful. I've 

used it in a hyperbolic decline chart in driver education."^ 

All of the respondents, at some poipt in their 
interview, said the teachers were outstanding. There was 
not a single negative or even neurtal evaluation of the 
faculty. The participants described the faculty as 
"fabulous" "patient" "knowledgable" and "outstandingl'" 
Those few students whose expectation were not met 
referred to problems of having too much to do in too short 
a time. They felt that they had not been prepared to deal 
with such an intense and time consuming experience. Even 
in these cases, howevar, the faculty and the program overall 
were praised. Any problems mentioned were directed toward 
the students themselves. 

One major criterion of program success is the number 
of teachers who become licensed and/or certified to ^each 
mathematics (science) , are placed in appropiate positions, 
succeed in those positions and who demonstrate a commitment 

1 These teachers! are ayaitin| the results of the mathematics license examlnat 



to the profession. Respondents were asked if they took the New York 
City examination, which was given in September, 1984 and whether 
they passed. Fifteen of the seventeen have taken the test. However, 
they have not yet received the resux-a. The students who have not 
taken the exaa yet plan to take it when they complete an additional 
six credits of mathematics. Hany (13) of the students have already 
continued taking graduate courses in mathematics and many are currently 
enrolled in a Master of Science in Education degree with a specialization 
in mathematics at L.I.U. 

Vhen tie students were asked to share their thoughts about 
the program, thftir responses pointed to several potential recommendations 
for change. The most frequently mentioned concern was that the 
program was timed in such a way that students felt a great deal of 
pressure* Several students suggested expanding the scope of the 
program to 18 months. Another concern was with the four-hour 
lecture. One suggestion was to have a two-hour lecture followed 
by a two-hour workshop on each of the days classes meet. Several 
students felt they would like to see more about computers included 
in the scope of the courses. Also students felt well prepared in 
calculus but some felt they needed more time with geometry and tri- 
gonometry. This was especially true for students whose mathematics 
background at the pre-college level was weak. 
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1 Students at the Great Neck site claim "time flies" during the 
four-hour lecture (with many of the same instructors*) 



Many of these iuggestlons are currently under consld oration and 
have already been Incorporated into site dissemination programs. 
At Brooklyn it is likely that Mathematics 501 will be expanded- 
to a tvo<-semester course. Adaptations which touch upon the length 
of the program and the level of the courses (undergraduate) would 
not alter the nature of the program. As one student sald» "There 
were -a lot of wonderful things being taught, a lot of knowledge 
available." The project has succeded in making this knowledge 
accessible. 

Ouestlonaires 

Twenty-four matched pre- and post-tests were subjected 

to data analysis. Using the Statistical Package for the 

Social Sciences (SPSSZ), frequency counts on all variables 

were obtained for the total sample. In addition, a series 

of jt tests for paired samples were computed for the total 

sample and for males and females separately. 

This group of students varied on many dimensions. The 
1 

11 male and 13 female students ranged in age from 24 to 55 « 
with 12 students in their 30fe. Their undergraduate academic ' 
backgrounds were also diverse. Four students vere elemen- 
tary education majors, three majored in either history or 
biology, two were either psychology or economics majors, and 
there was one major in each of the following: chemistry, 
English, art, mathematics, sociology, anthropology, politi- 
cal science and home economics. About 60S hold the 3.A, 



1 Physics and Mathematics 



degree as their terminal degree. The others have master^s 
degrees Their appraisal of the quality of their own under* 
graduate work was "average" (N * 12) or "above average" 
(N ■ 11). Only one said his/her work v&s below average* 
More than half (n ■ 14) received their degrees from the City 
University of New York, with the others divided among sev- 
eral state and private colleges. 

Nineteen of the 24 students are currently teaching. 
All have taught from 1 to 26 years« with about half the sub- 
jects reporting that they have been teaching at more than 5 
years. Most of the students are teaching at the secondary 
level, with 9 at the junior high school or intermediate 
level and 8 at the high school level. Only 3 are currently 
teaching in an elemeutary school. These students teach a 
wide variety of subjects with the greatest number (N « 9) 
teaching mathematics, although none are state certified or 
licensed. Eighteen of the students were in the mathematics 
component and six in the physics component of the program. 

When asked to check their reasons for applying to this 
program (see Table 1), the factor selected most frequently 
was long-term desire to teach mathematics or physics, fol- 
lowed by the appeal of the relatively short time span re-* 
quired to complete the program. Only 8 of the 24 students 
said they would be going to graduate school for training in 
mathematics or physics without this special program. 



Jlespondents were asked if they would take the New York 
City lljcnslng examlnatlcn in mathematics or science If It 
were offered soon after their completion of the program^ 
Most (N » 19) said they would, three said they would not, 
and three said they did not know. Of the. three who said 
th'ey would not take the test, two said they were afraid to 
take It and one felt unprepared. More than half (N • 14) 
plan to continue graduat'iS'*vork In mathematics and physics 
upou completion of the prograjn. 

The final section of the post-test consisted of a list-* 
Ing of the courses 1^* the program. Students were Invited to 
evaluate each course by checking the letter grade from A to 
7 that cave closest to describing their overall evaluation 
of the C'^urses. (See Table 2). The courses were evaluated 
very po.<*ltively by the students with "A" being the modal 
rating. Most courses were rated either "A" or "B" vith very 
few "Cs," "Bs," or "Fs." 

Another comparison (Tables 3 and 4) was ^ade between a 
number of items which appeared on both the pre-* and post-* 
tests. Twelve aspects of the program or services offered by 
the university were rated on a scale of "1" to "5" by the 
students. A rating of 1 represents "very satisfied," 
2 means "somewhat satisfied," 3 is a neutral response and 
4 and 5 represent "j?omewhat" to "very dissatisfied." 
Table 3 compares^ frequencies of ratings on each item for the 



prf and posc-tests. This table sho«fS an Initially high 
rating of several Important elements* of the program. Among 
the highly rated Items were those that referred to faculty 
attitude and faculty teaching ability, closely followed by 
the high ratings given to the educational philosophy of the 
program. That these high ratings do not reflect yea-saying 
Is demonstrated by the much lover ratings of the parking and 
dining facilities and other nonacademlc services at the 
university. 

A series of £ tests for correlated means (Table 4) was 
generated yielding nonsignificant results on virtually every 
one of the program-specific items. This group of students 
did not change their initially high evaluation of the com-> 
ponents of the program or their lover evaluations of the 
other experiences they had this year at the university. 

Finally, self-concept items v«re assessed. Table 5 
consists of a comparison of self-assessments of ability to 
study or teach physics or mathematics. Students vere some- 
what more confident of their ability to study and teach at 
the time of the posttest, but the differences vere not sta- 
tlslcally significant. (See Table 6) 

Classroom Observations 

Because nine of the students in the program vere al- 
ready teaching math, the. project director and evaluator 
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decided to have these teachers observed in order to begin to 
see if there is observable change in t,?aching behavior which 
can be associated with participation in the program. The 
observer, a faculty member vith experience teaching secon- 
dary level mathematics, made two rounds of visits in Novem- 
ber and Hay. Nine teachers were observed the first time ^ud 
eight the second. The observer remained in the classroom 
for an entire class period. Using a project developed rat- 
ing scale (Appendix 3), each teacher was rated on the same 
set of behaviors. 

Although the reliability of the observations is some- 
what problematic given the fact that there was only one 
observer, and the number of observations limited, 
the findings suggest that with some refinements teacher ob- 
servation may be a very valuable component of future 
evaluations. Table 7 compares frequencies of an array of 
behaviors In November and May. . The reader can review the 
table by reading from left to right, comparing the frequency 
of ratings to determine specific changes or by comparing 
totals i^ the various * cat egories from "1," or excellent, to 
"5" to see a general change. Table 7 consists of 15 items 
which were included to rate mathematics teaching effective- 
ness in the classroom. The other components of the scale 
are not reprrted in this paper because of the weak relation- 
ship between the items and the major object ives of the program. 



TKa observations indicate an overall improvement be-- 
tween the two visits. There were many more "needs improve- 
ment" ratings and fewer "goods" on the first observation.. 
This seems to indicate that there is carryover from the 
cognitive to the behaviurcl domain in the classroom! 

Content Tests 

Content tests were developed in botli mathematics and 
physics and were administered on a pre-post basis. Pre- 
tests were given in November. The post-test was 
given at the conclusion of the final course. The degree 
of reliability and validity* of the instruments was not 
determined. Indeed, there are several problems with program 
developed measures of this type when used to evaluate the 
effectiveness of a program. Since there is no comparison 
(control) group , one cannot generally determine the degree 
to which toowledge is program related. However, in this 
case, it is unlikely that students would have had exposure 
to information on knowledge of this type had they not 
been exposed to the program. 

In addition, when a test is used as a pre-test 
there is the problem of sensitization. Again, this is not 
viewed as problematic in this instance because the program 
is designed to train non-mathematics (science) teachers in 
math or science and if the pre-test motivates students to 
acquire appropiate knowledge, so be it. Table 8 shows that 



there was growth for both mathematics and science students* 
In addition, all students who successfully completed the 
program had to pass all of the courses. This Is another Important 
Indicant of attainment of knowledge in the content areas. 



RECOMMENDATIONS 

1. Alternative structural arrangements should be studied. 
It might be advantageous to divide the lecture Into two 
components rather than have students take one £our*-hour lecture. 
At some sites » where the recertlflcatlon time press Is not so 
great, a two-year sequence could be followed. 

2. The observation component of the formative evaluation should 
be expanded. There should be more than one observer and an 
Increased number of site visits. This Is planned for the 
second year when students are teaching In license. 



CONCLUSIONS 

The objectives of the program as specif iea in the grant 
were accomplished. Studetnts did veil, gained confidence » and 
these changes seeji to have carried over to their teaching. The 
model appears to offer great promise in the area of teacher 
education nationally. 

Dissemination sites have been selected, and progress is 
ahead of schedule. The project director has enhanc ' the iicage 
of the project and helped to diffuse the training concept through 
papers written or presented this year as veil as the visir<% she 
has made to potential sites and state deparnoents of education. 
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PROGRAM DESCRIPTION 



This l8 the second year of a three year grant designed to retrain experienced 
teachers in the discipline of mathematics. The model, developed at Long 
Island University, represents a structural innovation in teacher training. 
Students at Long Island Uneversity begin with a month long ref i >sher course 
during the summer. The courses have been designed ^Tith the needs of 
the targeted population in mind. Many of the targeted students have little 
formal training in mathematics. 

During 198A*-85 changes were made in the time alloted to each course and 
each session as a consequence of the experience acquired during the firsw 
year. Each course was extended from seven to ten weeks. The nuiaber of 
hours was decreased from four to two on each of the two nights the 
courses meet. 

- EVALUATION, DESIGN AND OBJECTIVES 

The two major focuHof the project during the second year project are 
training and dissemination. Therefore, this evaluation will address these 
two issues. According to the original proposal the mathematics and science 
program was to be replicated at the Long Island University site during 
the second year. However, the physics component was discontinued ar.d an 
additional dissemination site was added. The plan was originally 
to disseminate the model to two Regional Sites. In addlui n wo more 
sites, referred to as National Sites, were to be selected from universities 
located in Federal Regions V-X. 

TRAINING EVALUATION 

In order to evaluate this component of t . ject, drita were gathered 
from a variety of sources: pre-and post . - ^ of content and attitudes, 
interviews with project staff, intarvJews with former FIPSE students, 
and a monitoring of project activities. 

The pre-test of attitudes and demographic items, (see Appendix ) designed 
by the evaluator, was administered ^n September and the post-test s 
given in June. A code was developed sc tha** these pre and post-tests 
could be matched without respondents re-^^ealing their names. This survey 
instrument was designed to collect basic demographic data, to elicit 
self- concept of ability in the subject area, to determine students' 
evaluations of faculty, and their experiences in the program, as well as 
their experiences at the University generally. The post-test was designed 
so that comparisons could be made on a number of items. In addition, the 
post-test contained a section in which students were asked to give an 
overall evaluation of each course they took by assigning grades from 
A to F to all program courses. Students were also to be pre and post- 
tested in the content areas with a test developed by project faculty. 
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DISSEMINATION 

According to the initial proposal two sites were to be selected for dissemination 

during the second project year# Contacts were made and sites selected. 

The model was adopted by the University of Kentucky, the University of 

Miami, Beaver College and a suburban school district in Great Neck New York. 

Project directors at the various sites were in constant communication with 

the Long Island University project director* The project director visited 

each site several times during the project year. At these times she 

observed classes, spoke with students and faculty and had meetings with 

local project directors. University or College administrators and local 

personnel. Local project directors were free to call the director at 

Long Island University for help and did. 

Local project directors were required to provide progress reports of their 
activities. In this way the Long Island University project director was 
kept up-to-date with regard to site activities. The Long Island University 
proiect director also met with local site directors informally several times 
over the course of the year when attending regional and national conferences. 

Before reviewing the adoption process at each site. It Is, at this time, 
appropriate to discuss adaptation in the transfer or dissemination of 
innovations. In this project, the Long Island University project director 
functions as a change agent. She has supported the process of local 
adaptation and modification and believes that such a process insures the acceptance 
and durability of innovations. At the same time she has accepted the 
obligation to protest vigorously auy modifications in the innovation which, 
in her estimation, compromise its effectiveness. Based upon this evaluators 
experiences (with planned change) it is clear that «Afin ateempting te 
disseminate complex innovations, such as this one, a structured, and 
intensive set of training and monitoring activities is called for. Technichal 
assistance, in the form of intensive on-site consultations is essential, 
in addition to the financial support, and printed materials which are 
traditionally made avc^ilable. This was well done* 

RESULTS 

Tra ining : Que stionnaire 

Tvelvfe matched pre and post-tests were subjected I) data analysis. Althouch sixteen 
students completed the program matched questionnaires were not available for 
students. Using the statistical package for the social sciences (Spss-x), 
frequency counts on all variables were obtained for the total sample. In addition, 
a series of t^ tests for paired samples were computed. 

Of the twelve respondents seven were male and fivp female* Thirty-eight students 
applied to the program, twenty-eight were acceptec, and sixteen completed. 
These students exhibited a large degree of variation on all status characteristics. 
Their ages ranged from twenty-three to sixty-one. Three majored in elementary 
education as undergraduates; three were science majors; four were social science 
majors; one majored in speech, and one mathematics. All twelve had studied 
beyond the master *s level The students' rating of their undergraduate work was 
about evenly distributed between "average" and "above average". 
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Their teaching experience ranged from one to nineteen years with a mean 
of nine years. All respondents are currently teaching in the public schools, 
three at the elementary school level; six at the junior high school level 
and three in high schools. Three of the twelve were already teaching 
:nathematics when they started the program. 

When asked to check their reasons for applying to this program (see table 1), 
the factor selected most frequently by this group of students was the appeal 
of the relatively short time span required to complete the program. Only 
one of the respondents said they would be going to graduate school for 
mathematics without this special program. Respondents were asked if they 
had taken the New York City licensing examination in mathematics. One 
stident had already taken the junior high examination and five had taken 
the senior high test. None had recleved their results at the time the 
questionnaire was administered. Since the major objective of participating 
in the program is to prepare to become a teacher of mathematics, and in 
New York City one ^ust pass a formal licensing examination, to do so, it is 
Important to df •'ermine the extent to which students feel prepared to take 
the examination. Subjects were asked to check the category whicl. describes 
how prepared they feel. Vwenty-five percent of the students responding 
felt "very well prepared"; 58. 3Z said they felt "somewhat well prepared"; 
I6.7Z checked "not very wel'i prepared" and none agreed to "not at all 
prepared?. By the time the post- test was administered, half the students 
were teaching mathematics, foar at the junior high and two at the high 
school level. An overwhelming 91.7% of the students said thev '"plan to 
be teaching mathematics nexi year." Many of these students (50Z) plan to 
coQtinue graduate studies in mathematics 41.7% said they "did not know," 
and only 8.3% do not plan to continue their studies. 

One section of the post- test consisted of a listing of the courses in the 
program, including the refresher and the workshops. Students were invited 
to evaluate each course by checking letter grades from A to F that came 
closest to describing their overall evaluation of each course (see table 2). 
Courses were evaluated vexy positively with "a" being by far the most 
typical rating of all courses in the program. There were no D or F ratings 
and only two isolated ratings of C, 

Comparisons were made (see tables 3 and 4) between items which appeared on 
both the pre and post-tests. Twelve aspects of the program or services 
offered by the university were rated on a scale of "1" to "5" by the students. 
A rating of 1 represents "very satisfied", 2 means "somewhat satisfied", 
3 is a neutral response and 4 and 5 represent "somewhat" to "very dissatisfied". 
Table 3 compares frequencies of ratings on each item for the pre and nost- 
tests. This table shows particularly high ratings for faculty teaching 
ability and attitude which were maintained throughout the year. 

A series of Jt tests for correlated means (table 4) was generated yielding 
nonsignificant results on virtually every one of the program specific items. 
This group of students did not change their initially high evaluation of 
the program or their lower evaluations of services. 

Finally, self-concept of ability in mathematics and teaching were measured. 
Table 5 demonstrates growth in both these areas. The results for self- 
confidence of ability in studying were significant at the .05 level. 



Content Tests 



Content tests were developed by project faculty and were administered at the 
inception of the program and again after the students had completed all courses. 

Both tests consisted of thirty items which were lesi^^ned to be a reliable 
reflection of the content domain, 

Accordirg tc tl : project personnel, the tests are parallel forms. Sixteen 
students completed both tests. The difference between pre-test scores and 
post-test was highly significant (See table 7), Despite the lack of a comparison 
group, we can be fairly confident that his group of students would not have achieved 
the results they did, had it not been for the program. 
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Dissemination 



Itle evaluator reviewed all written communications made between local sites 
and the Long Island University project director. In addition, the Long 
Island University project director and local project directors were Inter- 
viewed by the evaluator using an Interview schedule which Included 
both clo8ed-i>ended and open-tended It^ms. 

^" ihilversity af^ Miami 

Dr. Gilbert Cuevas is the project director. His role is to coordinate 
protrram activities, act as llason with the Dade County public schools 
0)CPS)and coordinate the recruitment of students with DCPS. Dr. Cuevas 
developed a flyer describing the project, eligibility requirements for 
p«irtlcipant8 and course content and schedules as well as an application form. 
Tiese materials were made available to prospective applicants. Dr. 
Cuevas has been actively Involved with adapting the program to his setting. 
One sajor adaptation or change has been the elimination of a second ralculus 
course. The faculty and students at Miami did not think another ca? :ulus 
course was necessary. They have added more modem mathematics and analysis. 
The first cycle at this site will be completed this coming June (1936). 
Changes were made in the schedule and timing of courses to meet the needs 
of the students. 

Nineteen students began the program. At this time only six remain. The 
reason for the large attrition rate, according to Dr. Cuevas, is that the 
DCPS system has begun to offer an in-service program which is tuition-free. 
This program allows teachers to add--on secondary school level mathematics 
to their certificates. The program consists of a series of workshops 
covering topics ranging from general mathematics to probability and statistics, 
including calculus. The program is unique in that participants can obtain 
teaching credentials in mathematics without having to earn college credit 
and at no cost to them. The process is administered by the public school 
system. The major obstacle to retention at Miami is this competing program. 
Of the seveu students that have continued, two are elementary school teachers 
who want to obtain certification in mathematics and the remaining five are 
secondary level teachers who want to review or add-on mathematics to their 
certif Ica'les. 

In order to overcome recruitment problems, strategies are being discussed 
to reestablish a level of collaboration between the Miami project and DCPS. 



Dr. Cuevas reported being very pleased with the faculty teaching the courses. 
He also found the Loig Island University syllabi which were made available 
to him to be very helpful. An additional positive outcome which has resulted 
from their involvement is that the Department of Education and Mathematics 
h2ve become mueh closer than they were previously. Dr. Cuevas intends to 
continue the program. The second class is starting in October. He reported 
being very satisfied with the assistance he has bem* receiving from Long 
Island University. 
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Beaver College 



Dr. Ri-hard Polls, Dean of Graduate Studies, is the Director of the project 
at Beaver College. Dr. Polls has made several adav'-ations. Among the 
admissions requirements is a 3.0 undergraduate average and two courses in 
mathematics, one of which must be calculus. 

Because of these high requirements they have decided not to of ^er a refresher 
course. Beaver does not offer the first calculus course. In place of the 
second calculus coarse they have developed two selected topics in mathematics; 
the first course is MA-505, Probability and Statistics, and the. second 
course is MA-510,Euclideai^T and Non-Euclidean Geometry. Their final course, 
HAo-52C is Introduction to I'^dem Mathematics. 

According to Dr. Polls, only eighteen applied to the program because of 
limited lead t±^e* Seventeen were admitted. Two dropped because they 
found the program *'too easy". These students had more mathematics in their 
background than the other students. A third student dropped out because 
her background was too weak and one student left because of family problems. 
Thirteen of the original students remain. One new student has been admitted. 
Eleven of the students are female and three are male. Ten of the students 
are between 30 and AO years of age. The remainder are between 40 and 59. 
Dr« Polls believes the selection process and criteria they have adopted 
is excellent and is at least partially responsible for the high rate of 
success of the students at Beaver. He sees the adaptions they 
have made as enhancing the model and believes it is improtant to require 
the course in calculus for admission. He is "very satisfied" with the 
quality of the students and the faculty teaching the courses. Dr. Polls 
is also very pleased with the services provided by Long Island University. 
He saia, "I can get on the phone at any time and get answers". 

The chairman of the mathematics department &t Beaver believes that the 
program may be better that the traditional retraining program they have 
used in the past. The scheduling of classes has been very flexible. 
They have not stuck to the traditional calendar but instead worked out the 
programming with the students. Math 501 was not offered twice a week. 
Instead they cpted to offer it over a sixteen week period because of their 
belief that the first course that a student tukes is crucial. Ihey felt 
that giving more time to this course would allow them to offer future 
courses in more compact time frames. MA502 and 503 were offered in the 
summer. The fourth course MA505 - Selected Topics in Mathematics (Probability 
and Statistics) is being offered in the Fall. This will be followed by 
the last two courses, MAS 10 and MA520 this spring. 

In the future, Dr, Polls plans to institutionalize the program as a v^o 
year (including summers) sequence. 

The students at Beaver differ from those at the other sites in one ou«-standing 
way. Most are not currently working. M^ny are certified but are re-entering 
the profession after a long hiatus. If a student is already certified 
in Pennsylvania there is no scheduling problem. But if the student needs 
more than this (in terms of course work) scheduling becomes a problem. 

Steps toward the institutionalization of the program have already been 
taken. Two of the project courses are being offered to school teachers 
in the Philadelphia public school system. Dr. Polls points to the fact that 
Philadelphia's support in the form of using state funding to pay for 



the courses, is a tribute to the work they have done at Beaver College and 
the "good press" the Long Island University program has had in the area I 
Another indicant of institutionalization is that the courses are in the 
graduate catalogue for 1985-86. 

A further example of Beaver's commitment to the program is that Beaver 
College has reduced the tuition for each of the mathematics courses to 
$300.00. This means that each student over the course of the program will 
receive a savings of $765.00. Dr. Polls points to this as an example of 
institutional commitment to the program. 

Dr. Polis is very happy with the program. He has received excellent f^cd 
back from a variety of sources. Students are pleased with uhe quality of 
the program and the teaching and individual guidance they are receiving. 
The chairman of Cabrinl College wants to implement thr program at his school. 
The school district of Philadelphia, as mentioned earlier, has asked that 
Beaver offer the cources for their teachers pxid the Chairman of the Mathematics 
Departvnent at Beaver is on record as stating "this program is better for 
training marhematics teachers than our traditional mathematics major program," 

"jhriverslty of Kentucky 

The University of Kentucky hks completed its first cycle. There are no 
plans for instutionalization at this site. Several obstacles to the 
successful implementation at the site are apparent. The most outstanding 
has to do with lack of clarity. Almost from the outlet there was a lack 
of clarity concerning the nature of the innovation. Because of this students 
were unclear as to what was expected of them as well as what the outcome of 
the program, esp'-^ially concerning certification was to be. This lack of 
clarity spread to the program people as well, who seemed not to understand 
the essential distinction between the model and a traditional program in 
mathematics. Therefore, from the point of view of the Long Island project 
director, the modifications which were made in the program were not acceptable. 
It is understandable that the adopting organization should war.t to modify 
the innovation so it fits into the organization easily. However, the 
clange agent has an obligation to protest vigorously any modifications 
in an innovation that are perceived to compromise its effectiveness. The 
Long Island University project director understands this responsibili.ty 
and has acted upon it. In this instance, the lack of clarity discussed 
was ucacerbated by a change in project directors early in tho program. 

Initially, 33 students were accepted. A decision was made to accept all 
eligible applicants for the refresher and survey of mathematics courses. 
Twenty-two students completed this sequence. There were 16 women and 
f men. 19 have master's degrees. 10 have elementary certification with 
the remainder in a variety of secondary fields. The average age of the 
students is 35 within a range from 23 to 56. 

Near the end of summer 198A, the original local project director resigned 

to accept another position. Professor Stevens of the Department of Curriculum 

and Instruction assumed the duties of site director. Twenty students 

(eighteen from the summer workshop and two new students) enrolled in MA502A. 

Fourteen students completed the course and vent on to MA502B« Thirteen 

students completed MA502B. Reasons for attrition include: conflict with 

work, pace of classes, frustation related to changes in the program as originally 

described, perceived discrepencies between program objectives and program 

classes and frustation over differences between project courses and the 

number and type of courses required for certification. The thirteen students 

who completed these did well. Students reported working very hard. As 

early as the October site visit. Dr. Long and Professor Nicolakis of Long 




or 



Island University ^ .expressed concern regarding the "traditional nature" of the 
courses at U.K., the problems related to the pace, and the extreme departure 
from the model* In addition, the lack of clarity as to certification require- 
ments created unnecessary confusion, frustration and hostility on the part 
of the students* 

The major accomplishment of this project at U.K. is that thirteen students 
will be certified tc teach mathematics in Kentucky, 

Great Neck 

The Great Neck site differs from the three university sites. There the 
program is being offered by a suburban public school system to its teachers. 
The school system has been paying teacher *s tuition. This is a very interest- 
ing alternative delivery system 

Recruitment at the Great Neck site was non-traditional. The University did 
not screen teachers or request that they intend to teach at the secondary 
level. All Interested applicants were admitted and allowed to go as far as 
they wished toward the completion of the program. Twenty-two students 
completed the first course. The faculty expects eight students to complete 
the total program. It should be noted that this group of students had a variety 
of objectives^ other than certification^ which stimulated theiL to take part 
In the project. 

The Great Neck teachers vary from the traditional university based population, 
in several other ways as well. All are fully certified for their current 
positions and tenured. By and large they are satisfied with their teaching 
assignments. Their main objective for taking the courses had to do with 
strengthening their understanding of mathematics r.-ither than preparing for 
a change. According to their instructor, the taachers worked very hard 
during the summer course (refresher) and in the Fall, when they took the 
pre-calculus course, ^ A large number of teachers dropped out after the 
refresher course; despite the fact that most had received final grades of 
"A", Tlie major reason they gave for discontinuance was heavy work loads. 
The quality of the work of this group of teachers was exceptional. Many 
topics were treated in greater depth at the Great Neck site, at the request 
of the students (teachers). Their instructor was impressed with the level 
of the students and their ability to undertake this rigorous program. The 
superintendent of the Great Neck schools attended classes as well L^d 
served to inspire the class by setting an example of serious scholarship. 
According to the instructor, these students would be excellent candidates 
for teaching. 

The experience with this group of primc»rily elementary school teachers 
indicates a need for buttressing the level of knowledge of teachers in 
mathematics at the elementary level. 

Disseminating Results 

The Long Island University project director has been an active disseminator 
of Information about the project. She has spoken to groups or delivered 
papers at approximately twelve annual meetings or conferences over the 
1984-85 year. In addition she has visited many colleges, universities 
and local school districts. She has functioned not only as a formal change- 
agent for each local site, but also as a gate-keeper of information which 
she has tirelessly shared with all interested parties. Her efforts have 
enhanced the program immeasurably, 

of the teachers never intendend to complete the extire course. 
: Oj 



Through her efforts, additional funding has been obtained from a New York State Education 
Department grant (Title II, Education for Economic Security Act). This money is being 
used to support the grant efforts. It is targettad for student aid, stipends and text- 
book allowance. The award provides further evidence of the success of this project. 
Financial backing has also been received from the New Jersey Department of Higher 
Education to support an additional site, Trenton State College. 

Selection of New Sites 

The number of new sites selected for 1985-86 exceeds that which was in the original 
proposal. The mathematics program is being offered for the first time at: Arizona State 
University; Texas W)man's University; Weenern Oregon State College; and at Trenton State 
College. In addition, the Portland public schools are adopting the innovation. The 
University of Northern Colorado is a site for the Physics model. 

The home-site (Long Islard University) has accepted a new class and the mathematic's 
program is being continued at the regional sites (except U.K.) for a second year. This 
represents a departure from the original proposal. A second departure from the original 
model is the decision to hold-off on the development of an English model at this time; 
at the suggestion of.FIPSE. 

Conclusions 

The objectives of the program for the second year, as specified in the grant were for the 
most part accomplished and in some instances exceeded. The disSfjmination efforts have 
been particularly successful. Local project directors were unanimous in their support 
for the project generally and for the specific, personal quality of the assistance they 
have received from the Long Island University project director. 

At this time the local project directors feel they have a support system or network 
which has come out of their formal meetings as well as the informal meetings which 
were held at various conferences. They are hopeful that his network can be institut- 
ionalized. All dissemination sites have, or will be "graduating" a group of students, 
(approximately 80) many of whom will be fuily certified to teach in their states. The 
experiences of the second year demonstrate the adaptability of the model in that it has 
been successfully transferred to new sites. The experience obtained has also pointed 
to potential obstacles to the successful implementation of a complex innovation. The 
project director is more aware than ever of the importance of the local project director 
as an agent of change and the need for clarity on the part of all involved. The 
project director has continued to enhance the image of the project through her formal 
and informal diffusion activities. 

Recommendations 

1. In light of the continued need for teachers in mathematics, alternative sources of 
financial support for students, should be explored at the local school district, 
and state levels. 

2. If an appropriate norm referenced test is ^.ailable, it should be adopted. This 
would overcome the problems associated with attempting to draw conclusions without 
comparison (control) groups. 
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3. More time should be given, if possible, to topics in geometry and trigonometry. 
Students feel least secure in these areas. 

4. There is a need for materials (texts) which reflect the content of this program. 
Perhaps, funding can be sought for such a purpose. 

5. The program should be coordinated with a Master's program for those students who 
wish to continue their studies and earn a degree. 

6. It would be lunctional to institutionalize the "network" which has developed across 
sites by provi(*lng the opportunity for bringing site directors together. 
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Table 1 



Reasons for Attending 



Reason 

I nr.eded a change 

To help me get a job 

The opportunity to complete a 
retraining program in a relatively 
short time appeals to me 

I always wanted co ^ ^ach 
mathematics 

To help me get a job in a 
secondary school 

The tuition is affordable 



Table 2 

Student Rating of Course 
(Number, Percent) 

ABC 

Mathematics 501 10 2 

(83.3) (16.7) 

Mathematics 502 10 2 

(83.3) (16.7) 

Mathematics 503 11 I 

(1.7) (8.3) 

Mathematics 5?.C 5 6 1. 

(41.7) (50.0) (8.3) 

* Mathematics 538.1 



Workshop 9 2 I 

(75.0) (16.0 (8.3) 

Refresher 11 1 



* Not taken at time of survey 
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Table 3 

St udent Rating of Proferam and Services 



Pre TsiSt Post Test 



Item 


1 


2 


3 


A 


5 


1 


2 


3 


4 


5 


1. 


The educatlunal 
philosophy of 
this program 


83.3 


8.3 


8.3 


0.0 


0.0 


41.? 


50.0 


0.0 


8.3 


0.0 


2. 


My experience 
(general) at 
L.I.U. 


50.0 


33.0 


8.3 


0.0 


8.3 


41.7 


50.0 


8.3 


0.0 


0.0 


3. 


Counseling 


33.0 


25.0 


41.7 


0.0 


0.0 


16.7 


25,0 


50.0 


8,3 


0,0 




Faculty Teaching 
Ability 


83.3 


8,3 


0.0 


0.0 


8.3 


58.3 


33.3 


8.3 


0.0 


0.0 


5. 


Faculty Attitude 


75.0 


16.7 


0.0 


0.0 


8.3 


75.0 


16.7 


8.3 


0.0 


0.0 


6. 


Level of Courses 


66.7 


33.3 


0.0 


0.0 


0.0 


50.0 


41.7 


8.3 


0.0 


0.0 


7. 


My Perfoimance 


66.7 


25.0 


0.0 


0.0 


8.3 


58.3 


41.7 


0.0 


0.0 


0.0 


Q 
O • 


Non acaueniic 
Services 


16.7 


8.3 


75.0 


0.0 


0.0 


8.3 


41.7 


33.3 


8.3 


8.3 


9. 


Transportation 


25.0 


33.3 


25.0 


16.7 


0.0 


16.7 


25.0 


25.0 


16.7 


16.7 


10. 


P.irklng 


8.3 


16.7 


50.0 


16.7 


8.3 


0.0 


0.0 


50.0 


25.0 


25,0 


11. 


Dining 


0.0 


0.0 


83.3 


8.3 


8.3 


0.0 


41.7 


58,3 


0.0 


0.0 


12. 


Library 


0.0 33.3 


58.3 


8.3 


0.0 


8.3 


16.7 


75.0 


0.0 


0.0 



Ratings I=very satisfied 2=somewhat satisfied 3«neutral 
4-somewhat dissatisfied 3'='very dissatisfied 



t-Tefr^ts for Student Ratings of Programs and Services 



Item N Pre-Test Mean Post-Test Mean t-Value Probability 



Educational philosophy 
of this program 


.12 


1.A2 
(1.17) 


1.75 
(.86) 


-.70 


N.S. 


My experience (general) 
at L.I.U. 


1.12 


1.83 
(1.19) 


1.66 
(.65) 


.41 


N.S. 


Counseling 


12 


2.08 
(.90) 


2.50 
(.91) 


-1.1 


N.S. 


Faculty teaching ability 


12 


1.A2 
(1.16) 


1.30 
(.67) 


-.20 


N.S. 


Faculty attitude 


12 


1.50 
(1.17) 


1.33 

(^65) 


.41 


N.S. 


Level of Courses 


12 


1.33 
(.50) 


1.58 
(.67) 


-1.15 


N.S. 


My performance 


12 


1.58 
(.17) 


1.A2 
(.52) 


.41 


N.S. 


Non-academic services 


12 


2.58 
(.80) 


2.67 
(1.07) 


-.23 


N.S. 


Transportation 


12 


2.33 
(1.07) 


2.92 
(1.38) 


-l.AO 


N.S. 


Parking 


12 


3.00 


3.75 

i oc \ 
K-ob) 


-1.91 


N.S. 


Dining 


12 


3.25 
(.62) 


2.58 
(.51) 


3.55 


*■* 


Library 




2.75 
(.62) 


2.67 
(.65) 


.27 


NS.S 



O Signlflc ant beyond the .01 level 

tERJ.C\S7 .1,. 



Table 5 



Self Concept of Ability Ratlrgs 
N-12 

(Percent agreement) 



Item 

Mien I think about studying 
math I feel: 



Response 
Very Confident 
Somewhat Confident 
Somewhat Insecure 
Very Insecure 



Pre-test 

8.3 
50.0 
41.7 

0.0 



Post test 
41.7 
41.7 
16.7 
0.0 



When I teach math I fT'el: 



Very Confident 

Somewhat Confident 

Somewhat Insecure 

I never teach this 
subject 



25.0 
06.7 
8.3 
0.0 



33.3 
66.7 
0*0 
0.0 



Table 6 

t-Tests for Studetn Self Concept Items 



Item 



H 



^re-test Mean 
(5D) 



Post-test Mean t-Value Probability 

(5D) 



When I think about 
studylpg math I 
feel 



12 



2.33 
(.65) 



1.75 
(.75) 



2.55 



When I teach math 
I feel 



12 



1.04 
(.30) 



.49 
(.14) 



1.30 



N.S. 
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Table 7 
Mathematics Content 
N - 16 



Pre-test Post-test 

Mean 8.8 23.7 

Msadlan 8 23.0 

Range 4-18 21-27 
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••<--■. LONG ISL.'^IID UlvTvZRSITY 

"h« Hellman Academy for Mathematics and Science Teacher Education Retraining 

" " Z' 

Inventory Test for Kath 
Vers ion A 



If the reciprocal of x + 1 is x + 1, then x 

1. is 1 or -1 2. is 0 or -2 

? is undefined - ^. nas an infinite number of values 

-f 0 

If X « the value of 3x + 2x is 



2. 14 



4. 13 



•5. If set A has k elements, the total number of subsets of A is 



1 



2^ .1 



^ -k-1 
2. 2 

4. 2^ +1 



Tf an automobile travels 80 miles at the rate of 20 miles per hour 
and th»n returns over the same route at the rate of 40 miles per 
hour, the average speed in miles per hour for the entire trin is 

1. 2=1 




=oint P is any ooint on side A3 of parallelosram A5CD. X,Y, and Z 
are the areas o*f the triangles fortaed. The ratio of the sura of the 
areas of AX and A" to A Z is 



1:1 



. 2:1 



2. 1:2 
4 . 1 : 



pafi;e 1 
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One of the roots of x- - + x + 3 = 0 is 

1. i/i -1 2. iv/T+i 

If a ♦ b is dafinsd as a + t, what is the value of 3* (3*3)? 

1 



1.-4- 2. 



2 



3. 4. 27 

7 

f the domain of x is all real numbers, which of the following 
relations is also a function? 

1. {(x,y)l x.y2 +2] 2.f(,y)| y- -2 ] 

3. {(x,y)| x2 » 2-y23 4. i (x,y) | y x-2 j 
Solve for x: 3-2x 7 

1. -2<x<5 2. x>5 orx<-2 

?. -5 < X <'2 4. x> 2 or X <-5 

In the diasrara shown, equilateral triangle ABC is inscribed in th 
circle and eouilateral triangle DEP is circumscribed about the ci 
Tf the -difference of the areas of these two equilateral triangles 
24, '-.•aich of the following represents the area of triangle A3C? 



8 




?. 12 
4. 16 



The ;raph of the equation y = 3 cos 3x has a period equal to 
]. -i-^radians 2. -|-'|l~radian3 

3. 3 radians 4. 37l^radian3 

Find lim ' ^ 



X 



2. does not e::ist 
4. 0 
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The probatllity that ths tv^o match in color is 
1.-^ 2. -|- 

'-'^ 

Given that p is false and q is false. Uhich of the following is 
false? 

1. p->q ' 2. 

2. -p^q ^ ^ 

If "brother " is a relation, which of the following statements is true? 

1 "he relation is reflexive, symmetric and transitive. 

2 ^he relation is transitive but not symaetric. 

pairs of points in A is 

1- ^50 ' . 2. 300 

3. 600 ^- 

17. in A A3C, a = 3. b = i», and a^^c ^ 120. The length of side c is 



15. 



1 Ti7 2 . 5, 



1'. if the edge of a cube has ui:l. lensth, th=.T. the length of the diagonal 
of the cube is 

1. 7^ 2. 2 

3. 3 2 
ic.. Ftr any real value of x, the maximum' value of the fonction y = 5x-2x is 



2 




pa: 



-re "3. 



A. MS: 



20. If x3 + y3 »3x;', thsn ^ 



1. + y2 



^* "~!r — 



4. 



21, Th2 multiplicative inverse of 1 + 2i in a+bi form is 

2.^ + f-i 



1 -i--^ 4 i 



1 2 

T i 



^. 5-fi 



2. -1 
4. -5 



- 5 

An eauation of a line perpendicular to the line x-y=3 and passing 
through the point (2/3) 



1. 2x - y » 1 
3. y - X » 1 



2. X + y » 5 
k, 3y - 2x » 5 



Ih, The value ui m in loggm - logg^ =-3- 



; 1 
-* T 

3. 16 



2. 



4. it 



•=. "Two Circles of diameter 24 ft. and 5^ ft. are extsrnf.lly tangent. 
Find the length of ono of their common external tangents. 



1 1 5 



2. 18 ft. 
4. 36 ft. 
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The area bounded by the graph, of f(x) =j% ( x> 0), the x = axis and 
the lint- x = 2 and x » 3 is 

•1 13 
3. T 

T/Jo naaes^ach associated with a surface that can have only one 
sidej are 

1. Euler, Jordan 2. Jordan, Klein 

3. Klein, Moebius ^. Moeius, Euler 

in the accompanying figure, ABCD is an J-soscels traoezoid. Bases AB 
and DC are 30 and l8 respectively, and leg BC-10. and BC are 
extended to meet at E. Find the area^ jsf triangle j )EC. 

1. 72 2 . 80 

--g 

A 



3. 108 ^. 120 ^ 




The graph of f(x, y) I e^^ + by^ - c] Where a, b, and c, are real 
numbers, C AN NOT be a 



1 



^. circle 2. parabola 

2. ellipse ^. hyperoola 



n 



The series represented by £ i^^'^) ""^^^^ *° ' 
1. n2 2. (n + 1)^ 
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PROGRAM DESCRIPTION 



This is the third and final year of a three-year grant 
designed to retrain experienced teachers in the disciplines 
of mathematics and physics. The model, developed at Long 
Island University over a period of many years, represents an 
innoration in teacher training • The primary objective of txxe 
model is to train teachers from other disciplines and/or 

grade levels as secondary school teachers of mathematics and 

f 

science. 

As stated in the original proposal, the plan was to 
disseminate the model to two Regional Sites and then to two 
National Sites, to be selected from Universities located in 
Federal Regions V-X. The characteristics that distinguish 
this model from a more traditional teacher training program 
are that the curriculum, a graduate program, assumes little 
or no prior knowledge o^l mathematics and/or physics and 
proceeds to cover, in matnematics, for example, elementary 
algebra, gc:ometry, trigonometry, differential and integral 
calculus, a course whose topics include number theory, logic, 
probability, projective geometry and topology. The design of 
the calculus sequence is intuitive and stresses applications. 
A similar modualar approacn applies to t^e physics model. 

The structure, or delivery system, of this intensive 
program is to present the courses in a sequential manner to 
the students who go together as cohorts from course to course 
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EVALPATIQN liMSlSR MH QBJErTTVES 
The major focus of this year's evaluation is to 
determine the extent to which the program has been 
disseminated. Thus, the evaluation is primarily formative in 
nature as it describes the implementation process at each 
site. In addition, some oummative data is provided. During 
the second year of the grant (1984-85) the model was 
successfully ad^pte.^ (see 1984-85 evaluation report) by the 
University of i(entucky, the University of Miami, Beaver 
College and a suburban school district in Great Neck, New 
York, as well as continuing at the original Long island 
University Site. 

i 

During 1985-86 several site i continued their 

implementations, i.e. Beaver College, University of Miami and 

Long Island University. in addition, six new sites adopted 

the model: Arizona State University, University of Northern 

* 

Colorado, Portland Public Schools, Texas Woman's University, 

Trenton State College, and western Oregon State University. 
As in past years, the local site directors were in constant 
communication with the Project Director. The Project 
Director visited each site. these times she observed 

classes, spoke with students and faculty and had meetings 
with local project directors, university or college 
administrators. Local project directors were encouraged to 

* Self si<pporting 

** Supported in part by funds from New Jersey Department of 
Higher Education. 
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call the director at Long Island University when they had 
problems or wanted to discuss the progress of the program at 
their sites* Local project directors wore required to 
provide progress reports of their activities, in this way 
the Long island University project director was kept up to 
date with regard to on-site activities and monitored the 
financial aspect of the program. The Long Island University 
project director also met with local site directors several 
times over the course of the year when attending regional and 
national conferences. 

Dm COLLECTION 

Data for the evaluation was gathered from a variety of 
sources. The Project Director was interviewed several times 
over the course of the year. in addition ^ local site 
directors were interviewed. 

Several paper and percil instruments were designed. All 
local directors received a package of questionnaires and were 
instructed to complete the director's questionnaire and to 
administer the survey instrument to the students in their 
program. Local directors were also asked to give a specially 
developed faculty questionnai to faculty teaching in the 
program. Faculty were asked to send the questionnaire 
directly to the project evaluator in order to preserve 
confidentiality. The Long Island University group completed 
two instruments: one at the beginning of the academic year 
and one at the end. Only one directorr from Arizona 



state, failed to return the evaluation materials as 
requested. 

The following sections of this repoiL summarize the 
results of this data collection effort* First the evaluation 
of directorSf faculty and students are reviewed. Then a site 
by site review is presented. 

Director's Evaluation ol Program 

In order to evaluate the program/ local directors were 
asked to evaluate several aspects of the program. Table I 
presents the director's assessment of the reasons for 
attending. The most significant reasons for leaving had to 
do with the academic aspects of the program. Directors felt 
that for some students the time demands proved to be 
excessive, the pace was too fast and the work too difficult. 

When directors were asked to rate various aspects of the 
program at their sites (Table 2) they were generally 
satisfied with most aspects of* the program. All diiectors 
reported being "very satisfied" with the teaching faculty. 
Local directors were satisfied ritti the services provided by 
the Long Islmd University director and with services 
provided locally. Directors were also asked to evaluate 
variables which, if problematic, would explain failure to 
implement. The major problem areas were financial, student 
recruitment and student retention. 
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An assessment of a program such as th^s one, where model 
dissemination is the objective, must examine the degree to 
which plans have been made to institutionalize or incorporate 
the program into the sturcture of the local organization. To 
address this question, directors were asked to evaluate 
services they felt were needed to continue the program. 
Financial assistance was j iTceived as being "very important" 
for continuance. 

Finally, the directors were asked if they had made plans 
to continue next year. (Table 5) Six of the seven said 
"Yes." The seventh, Miami University, is a unique case in 
that the Dade County Public Lichool system is offering their 
own, tuition-free, retraining program which in addition to 
not costing the students anything is far less rigorous in 
nature, and for ' ich students are paid to attend. 

The fact that the program is being institutionalized in 
the majority of s^tes speaks to the success of the program. 
Tt especially addresses the issue of adaptability. The model 
(innovation) has been adopted, implemented and is now being 
incorporated in a very varied group of colleges, universities 
and public school district.^ throughout the country. 

FjtgWlty Evaluation Program 

Ten faculty members from six sites (Trenton, Portland, 
T.W.U., Miami, Oregon, Beaver) completed the Faculty Site 
Evaluation Form (See Appendix 4). Six of the ten hold the 
doctorate in mathematics and the remaining four have 
master's degrees in mathematics. All majored in mathematics. 



Five of the faculty are full*-tlme members of mathematics 
departments • Four are adjuncts in the mathematics department 
and one is an adjunct in the Education Department. 

The faculty were presented with a series of questions 
designed to assess the degree to which the model has been 
Implemented at the various sites and to give the faculty the 
opportunity to rate the students in the program as well as 
the local site directors. In additionr faculty were asked to 
respond to several open-ended items. When askeci to what 
extent the course or courses they taught had been modified 
from what they were initially presented withf six of the ten 
respondents checked "not at all" and four only "somewhat." 
Ih&L& appeared qqJ^ jtfi J2£ A 0££li £SX majfiT CfiUI&fi revision j^Jt 
JbTX SlL JUb£ Faculty were asked to think back to the 

way the program was initially described and to give their 
opinion a*^ to whether or not this initial description 
accurately reflects the program. The respondents were 
unanimous in their affirmation of the fit between description 
and that which is being implemented. This speaks to the 
clarity of the innovation and demonstrates that the L.I.U. 
Project Diretor clearly explained the model to each site 
director^ who in turn was able to communicate effectively 
with project faculty at the sites. Without clarityr 
implementation is unlikely. Thereforer thie key aspect of 
the L.I.U. Project Director's role in the dissemination 
effort can be viewed positively. 

Faculty rated their students and their local project 
directors. For the most part faculty ratings of student 
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motivation ; attendance and attitude toward the professor was 
outstanding. The majority gave an "A" rating to these 
components of the student .:ole. Performance in class and on 
exams were primarily in the "B" category. The only area to 
receive "C" ratings was the area of mathematical background 
and this, of course, reflects the known limited background of 
the students. 

Dslng the same rating scale (A to F) faculty were asked 
to evaluate the abilities and activities of the local project 
director. The model response across categories was "A." 
There were no ratings below "B." This faculty group has a 
very, favorable and positive attitude toward the ability of 
the director at their site. Moreover, their ratings signify 
that the directors played their roles adequately. This too, 
was an important factor in explaining the successful 
implementation of the model at the various sites. Earlier, 
clarity of the innovation was alluded to. Apparently the 
local directors' accessibility to faculty and students, their 
supportiveness and knowledge were important aids in the 
implementation process. The L.I.D. Project Director should 
be cited for her astute selection of sites and local 
directors. This is another key to successful adoption of 
innovations. 

Students ' Evaluation qJ^ Program 

Questionnaires (see Appendix 5) were distributed and 
collected from 72 students in five sites (Trenton, Colorado, 
Portland, T.W.U., Beaver) in addition to a separate 
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questionnaire (see Appendices 1 and 2) administered to 
students at L.I .U. Of the seventy**tvo student respondents, 
26 were male and 46 were female. They ranged in age from 24 
to 51 with a mean age of 36.8 years. Their undergraduate 
educational background revealed a great degree of variation. 
The greatest number of students (19) majored in elementary 
education followed by biology (13). The remaining students 
majored in history (6), English (5), mathematics (3), and one 
or two in each of the following areas: chemistry, physics, 
speech, art, philosophy, special education, industrial arts, 
architecture, economics, business, geography, psychology, 
music, and political science. Almost 40% of the students in 
the sample already had a master's degree, when asked to rate 
the quality of their undergraduate work, 6^.7% said they were 
"above average." Not one student checked "below average" on 
this anonymous and confidential questionnaire. 88.8% of the 
students are currently teaching. This group of students' 
number of years teaching experience ranges from one to 
twenty-four years. Most of those who are current?;/ teaching 
have been in their fields for a relatively long time. Their 
average years of service in their current position was 7#07 
years. The level of teaching for those currently employed in 
the profession also varied. Forty-two percent were teaching 
at the senior high school level, 5.2% at niddlj school, 35% 
in junior high school, and 17.4% at the elementary level. 
Host of the FIPSE population in this sample were teaching at 
the secondary level. Of the secondary teachers, 74.5% were 
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already teaching mathematics or science. 

A series of Items were Included to determine students 
reasons for attending this special prr^ram. The students In 
this sample were drawn to the program not only by desire to 
teach a particular subject, but by the time period necessary 
to complete the retraining, the desire to obtain 
certification and the affordable tuition. Only 20,8% of the 
'Students surveyed said they would be going to graduate school 
If not for this special program, Flfty-slx point nine percent 
said they would not be attending and 22,2% did not know. 
Students^ response to this Item demonstrates that the 
appropriate target group was reached, 

A final question In this section of the questionnaire 
asked the students to think back to how the program was 
Initially described to tbem. They were then asked how 
accurately the program reflected that Initial description. 
The answers to this question. If affirmative, demonstrates 
that the program, cc^ described In the recruitment phase has 
been Implemented. 85,2% of the students said "yes," 

The students In this phase of the program were 
generally coi*fldent with respect to their perception of their 
own ability to study mathematics (physics) at a university as 
well as fairly confident of their ability to teach the 
subject (see Table 7-8), The last of the series of close- 
ended items asked students to evaluate various aspects of the 
program they had experienced them at their college or 

university. These items revealed an overall high level of 
satisfaction with the program, the philosohpy behind it. 
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experiences at the local sites, the teaching ability of the 
faculty and, foremost, the attitude of the facu?ty. Although 
the program was viewed as being challenging and difficult, 
90% of the students were satisfied with their own 
performance. Very few ite' elicited dissatisfaction. 
Indeed, the only item to elicit greater than 10% 
dissatisfaction was the rating of the text books assigned. 

To summarize, this aspect of the evaluation reveals a 
group of students, (the majority of whom were female), with a 
wide variety of academic backgrounds but who rated themselves 
as average or above average undergraduate students. The 
students started out being confident with regard to their 
ability to study and teach mathematics or physics. They were 
attracted to the program for a multiplicity of reasons. 
Howaver, the time-frame was particularly appealing to this 
group of experienced teachers from other disciplines. Had it 
not been for this non-traditional program and the opportunity 
it offered, most of these students would not have enrolled in 
a tr.aditional program and there would be that irany fewer new 
teachers in these areas. 

£BQQSM LESCRIPTIQN5 

Oniversity misjoi 

The School of Education and Allied Professions at the 
University of Miami together with the Mathematics Department 
has been implementing the Long Island University model for 
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teacher retraining. The purposs or the program is to provide 
teachers with the necessc»ry coursework ♦•o prepare them for 
cerwlf Icatlon In s'^condary school mathematics. 

Most students work In the Dade County Public School 
District, the fourth largest In the nation according to the 
local director. Dr. Gilbert Cuevas, Professor of Matheiratlcs 
an^ Computer Education and a member of the Departuient of 
Educational and Psychological Studies In the School of 
Education. Twenty individuals, 15 male and five female 
applied to the program. All were accepted, but only eight 
began and ccnpleted the program. He explains this relatively 
high attrition rate as a consequence of the competition from 
a similar scate funded teacher retraining program offered at 
no cost to teachers by Dade County Public Schools. The major 
implementation problems at this site ref.lected this. T^ 
were f nanclal, student recrultmei t and stude'^t retention. 
For these reasons the :>rogram is not curr^-itly being offered. 
In addition to free tuition, f^achers are paid their hourly 
rates for attending the courses by Dade County. A mo t 
pos Ive effect was the cooperation that developed - never 
before there - between the School of Education and Departm<mt 
of Mathematics. 

Arizona S^Oitl university 

Arizona State University is part of a three-university 
system governed by rhe Arizona Board of Rec^ents* '.he Project 
Director at thl.. site is Dr. Lehi T. Smith, .-rofessor of 
Mathematics, This department has a long history of -.lose 
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cooperation with the College of Education In the preparation 
of teachers of mathematics. 

Thlrty-fo?Tr students started the program. Dr. Smith 
has L ^en very satlrfled with the model. He said, "I am 
continually receiving calls from teachers who have heard 
about the program and are wondering how they can get In line 
to be considered as participants In the next group". Many 
lectures hava been taped for presentation to Native American 
Indians. Students In the program are equally happy with the 
opportunity they have been offered. One raid, "This is the 
only program like this anywhere. I have been waiting for 
it." Another said, "This graduate credit was essential." 
JESSSiJ^ Attached) 

Beaver CQiieae 

THA-MASTER began at Beaver College in .he spring 
semester o2 1985. There were 21 applicants: 17 female and 4 
male. Of the 21, 18 were accepted, 14 female and 4 male. 
All 18 smarted the program. Of the eighteen, 11 females and 
2 males, or V2% completed. Wnen asked to explain the 
attrition, the director of the program felt it was related to 
th€* pace of the classes, the- time c^mands and the difficulty 
of the work. 

The director was satisfied with ull aspects of the 
program and said that his major reason for adopting the modol 
is that it was very well designed. The prc!:,lems he reported, 
though minor, were related to difficulty with non-project 
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faculty/ student recruitment and student retention. Part of 
the problems had to do with timing. He said they did not 
have sufficient time to plan and advertise the program. Dr. 
Polls, the local site director, used the program as a model 
and applied for and was awarded a series of grants totaling 
$235,500 by the Pennsylvania Department of Education under 
Title II EESA. They will use this money to continue the 
provram next year and to apply the model to the retraining of 
teachers from other disciplines into chemistry and physical 
science. Seventy-five teachers have been selected to 
participate. 

Dniversity UQj^hSIXi Colorado 

The University of Northern Colorado (DNC) has been 
designated by the Colorado Com^nisaion on Higher Education as 
the premier teacher education institution in Colorado. The 
program at V^^r differs from that at the other sites in that 
the retraining emphasis is physics. The program was 
initiated midsummer 1985 and was offered by the Physics 
Department. Dr. Paul A. Lightsey, Chairperson, Department of 
Physics is the local Project Director. A total of 56 
individuals, 32 males and 24 females applied to the program. 
31 were accepted (18 male, 13 female). Of the 31, 28 
actually started taking courses and 21 completed the program 
'15 male, 6 female). The three categories which were checked 
by the director to explain attrition had to do w^th the 
difficulty of the workf the pace of the classes and the time 
demands. The director was satisfied with all ar.pects of the 
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program. He was especially satisfied with the quality of the 
students and the faculty* The problems reported, again 
"minor", had to do with financial resources and the 
availability of materia Is, Financial resources to reach a 
rural population is a major obstacle to the dissemination of 
the progrsun in ruial areas. An adjustment the director would 
like to make in the future would be to extend the coursework 
ove"" two years with more intensity in the summer and less 
during the academic year. Another desirable change for the 
site, suggested by this director, would be to implement an 
intensive on campus summer program with telecommunication 
links to rural sites for the acac^^^mic year portion. 

The director has definite plans for continuing the 
program next year. He also feels the model could be extended 
into Chemistry and perhaps Earth Science and Biology, TEA- 
MASTER courses will be used as part of an interdisciplinary 
master's degree program, 

Portland £ul2li£ Schools 

The Portland Public school site of the THA-MASTER is 
the only dissemination site this year located a public 
school system rather than at a college or university. The 
faculty, both of whom teach part-time at local universities, 
are full-time high school mathematics instructors in the 
Portland Public Schools, This peer teaching relccionship has 
proven to be one of the outstandingly beneficial aspects of 
the Portland program, 

THA-MASTER was adopted as a consequence of the search 
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by the then Superintendent of Schools, l:. Peter R. Greer, 
for a program which they could use to retrain current staff 
to meet the critical shortage of mathematics teachers* Dr« 
Greer appointed his assistant, Reginald MacDonald, to head 
this effort. Mr* MacDcnald is the Project Director. The 
program was initiated in August 1985« It was designed to be 
a two-year program. The school system is paying for the 
teachers' tuition. Initially, 11 students (5 male, 6 female) 
applied* All were accepted and started the program* Nine 
students, 4 male, 5 female, are still in the program* The 
reason given by the director for attrition was "the time 
demands of the program were excessive". The director was 
very satisfied with all aspects of the program* The only 
implementations problems cited (minor) had to do with 
financial resources, difficulty with project faculty, student 
recruitment and retention. No changes were made in the 
original design. The Long Island University program was 
followed exactly* 

The Portland School District has already made plans to 
continue and to instituticnc^lize tne program* A budget has 
been approved and courses have been scheduled* 

University 

The program was initiated at this site during the 
second session of 1985* The Project Director is Dr* Rose 
Marie Smith, Professor of Mathematics and Chairperson of 
Mathematics* Prciu the very beginning, she felt the program 
had great appeal. 
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Thirty students, 23 female and 7 male applied. Twenty , 
5 male and 15 female, wer^' accepted. Fifteen started taking 
courses and 14, 12 male, 2 female, completed the sequence. 
Dr. Smith said that the ipost significant reasons for leaving 
had to do with th^ difficulty of tb-* work and th. fast pace 
of the classes. She was very satisfied with the services 
provide.-^ by L.I.U. and her own university as well as with the 
teaching faculty and somewhat satisfied with ail other 
aspects of the program. She said, "The THA --MASTER program is 
very supportive of the activities already being pursued by 
our faculty, department and university. This '^'as my 
impression when I made my initial request to be included in 
the program. This continues to be my impression." She also 
cited as important the way in which the model responds to the 
need for mathematics teachers. Dr. Smith found the 
opportunity to work closely with professionals from other 
areas of the cofintry to be stimulating. 

The major problem areas, as far as implementation is 
concerned, had to do with financial resources, student 
recruitment and retention, she foun'^ that many students need 
a : Lower pace to be successful in mathematics. The 
modification made at this site was to offer two courses, 
college algebra and college trigonometry, before Introducing 
the calculus sequence. This qualifies the student for 
secondary certification in mathematics in the Sta*-e jf Texas. 

Dr. Smith has made plans to continue the progrr.:.* next 
year. She would like zo see the model extended to address 
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the need for training elementary teachers in mathematics f 
training special education teachers and bilingual teachers. 



Tx^nton State C< ?J.legg 

The program at Trenton State College is housed in the 
Department of Mathematics and Computer Science. Dr. Michael 
A. lannone/ Chairman, Mathematics and Computer S<:ience 
Department/ is the local project director. Among the 
highlights of the program at Trenton are that it is tuition- 
free. All courses, except for summer, meet twice a week, 
four hours per session for an eight week period. 24 credits 
in mathematics are offered. At the end of the progreun, 
as^Mining the student passes the NTE, they will quali.-y for 
State Certification. To enable the student to obtain 
certification, 2 courses were added. The progrcim attracted 
93 applicants. 34 were accepted and twenty-five completed 
the program. Among the explanations offered for att.rition, 
the most significant was the excessive time demands of the 
program. Next most important was the difficulty of the work 
and the fast pace of the classes. The director was very 
satisfied with the quality of the t^tudents and faculty and 
the structure of the progreun. He was also satisfied with the 
content of the courses, the Long Island University services, 
and the services o2 his college. The only area that he was 
somewhat dissatisfied with was the recommended textbooks. 
What attracted him to the program was t^at it seemed to offer 
a vehicle to reach his objectives through a tested program. 

21 



"we were able to follow a model which certainly gave us 
direction in getting involved in the busir 2Si' of retraining," 
said the director. 

When asked to indicate implementation obstacles at his 
site, the areas cited were financial resources, availability 
of materials, and student retention • Other than adding 
courses to assure statewide certification criteria would be 
n^etf no major changes were made. 

Plans have been made and funding obtained to continue 
the program. (Report a ttached ) 

western Q^sastsi College 

The Matheh.atics Department of western uregon State 
College has joined the network of THA-MASTER in order to 
train skilleu and experienced teachers who are already 
certified in other disciplines. 

Oregon's Teacher standards and Practices Commission for 
Ce-^tification requires "competencies" in geometry, algebra 
and calculus plus two methods courses in mathematics. Most 
of the people who are interested in the program have as their 
number one objective certification in mathematics as soon as 
possible. Scheduling that provides survey and refresher 
courses alleviates the problems that entering teachers may 
have who have been away from mathematics for a long time. 

Many of the participants live in rural school districts 
far from colleges and are not able to take the calculus 
sequence in the uscal manner during the school year. The 
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opportunity to meet this requirement by using video-taped 
presentations and having regional problem-solving sessions is 
a unique element of western's program. This was made possible 
through the FIPSE component of the Hellman Academy. By means 
of the instant replay system, key lessons are videotaped and 
the syllCibip which include weekly assignments, are provided. 
Regional centers are established where local participants 
meot weekly for problem-solving sessions. 

Twenty-three graduate credits in the THA-MASTER program 
plus six credit hours meeting state certification 
requirements lead to mathematics certification. There is an 
opportunity to utilijse the coursework in a Master of Science 
program and expand the students' understanding of the full 
character of mathematics and its role In society. This site 
is unique in that its students are from rural areas and the 
problems with getting the courses to students in far flung 
areas are different than in urban settincjs. Much of the work 
was done with video tap^Sr especially the calculus. 

Thirty-three students, (16 male 17female) started the 
program. Only 8, 4 male and 2 female, completed. The 
director felt the most significant explanation for the high 
attrition rate is that the students were not prepared to make 
a continuing commitment. The next most important reasons 
cited were the difficult-; of the work, the fast pace of the 
classes and the excessive time demands. He also felt that 
the participants major motivation is to obtain mathematics 
certification in Oregon. This requires certain specific 
course woik. The director feels that some of the students 
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elected to take only the part of the sequence needed. 
Finally, the distance necessary to travel affected some. 

The director was very satisfied with the faculty 
teaching the courses, the course content and the services 
provided by L.I.U., and somewhat satisfied with all other 
areas of the program. The major obstacles of implementation 
ciced were the availability of teaching materials and student 
retention. The adaptations made include the use of the 
videotaped calculus program and some r.inor revisions of 
course content to meet Oregon certification requirements. 
The director would like to obtain financial support to expand 
the video portion of the program to include classes other 
than calculus. Steps have been taken to continue the program 
next year. SJBSSQI^ attached) 

ima. Island nniversitv 

THA-MASTER, the model, was developed with funds from 
the National Science Poundatio . from 1977-1981. It has been 
supported by a grant from the Fund for the Improvement of 
Postsecondary Education (FIPSE) for the last three years 
(1983-1986). The major objective of this grant was to test 
the efficacy of the model's adaptability by disseminating it 
to other sites throughout the United Stated in order, 
ultimately, to produce qualified teachers in sjpecific areas 
of need, i.e. mathematics and physics. In addition to the 
dissemination results discussed, there was a mathematics 
retraining program at L.I.U. during the 1985-86 academic 
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year. Twjnty-five students started the program and eighteen 
completed. A questionnaire was administered to the twenty- 
five students. Analyses of the responses to this survey 
instrument revealed a predominantly female (70%) population 
with a mean age of 37.4 years. The students had a wide 
variety of academic backgrounds. Of the 25 , seven had 
majored in elementary education, 5 in history, 3 in biology, 
and one or two in psychology, economics, business, art and 
physical education. 39.1% of the students already completed 
a master's program. when asked to describe the quality of 
their undergraduate work, 37.5% rated themselves "above 
average". This was an experienced group of teachers with an 
average of 6.3 years of service, ranging from 1 to 18 years. 
All the students at the L.I.D. site were teaching during the 
graut period. 43.4% at the high school level, 47.8% at the 
junior high school level and 8% at the elementary level. The 
subject most frequently taught by the secondary teachers in 
the sample (N«13) was mathematics. when asked if they are 
certified in the subject they currently teach, 83% answered 
"no". 

The characteristics of this group demonstrate the need 
for the program. A large number of teachers are teaching 
mathematics, and other subjects as well, without being 
formally prepared to do so. 

Table 2 reviews tbo student's reasons for applying to 
this program. The reason selected most frequently was to 
obtain state certification, followed by the appeal of the 
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short time frame. 

When asked if they would be attending graduate school 
for training in mathematics were it not for this special 
program 32% said yes, while 68% said "no" or they did not 
know. Again, as in the dissemination sites, the program 
rilled a need that the traditional master's in mathemat' ^ 
was not addressing. 

The students (87.5%) felt that the program had been 
accurately described to them initially. Those who believed 
there was a discrepancy between what they expected and what 
they experienced, pointed to their lack of preparedness for 
the rapid pacing of the courses. This sample of students was 
fairly confident with respect to their ability to study and 
teach mathematics (Table 10). Veiry few students expressed 
feelings of insecurity. 

For the final series of items, L.I.U. students were 
asked to react to various aspects of the program on a scale 
which ranged from very satisfied to very dissatisfied. On 
the whole students were satisfied with the program. The 
areas of greatest dissatisfaction were with textbooks (32%) 
and cheir own performance in the program (40'<). 

Students were asked to grade each of the courses they 
completed on a scale of A to F. A was the modular response 
for all courses. There were very few C,D, or F ra ings. 

Most of the L.I.U. students had not yet taken the New 
York City license examination for teaching mathematics by 
June 1986. Only 3 reported taking the senior high school 
exam. Two of the three passed. When asked if they felt the 
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program had prepared them to take the New York City 

Examination, 70% said ''Yes"* 

By the end of the project year 68% of the L.I.U. 

students were teaching mathematics and expected to be 

teaching mathematics during the next year. Only 15% did not 

1 

plan to be teaching mathematics next year. 

SI211MSI MQ CO NCLUSIONS 

The objectives of the program for the third year, as 
specified in the proposal, were accomplished and in some 
instances exceeded. The dissemination effort has been 
particularly successful. Most of the pilot sites are 
supported by FIPSE monies. Several sites ha/e succeded in 
attracting financing through grants. Local project directors 
were unanimous in their support for the project generally and 
the specific, personal quality of the assistance received 
from the L.I.U. Project Director. Local project dire tors 
are working together to institutionalize the network which 
has developed as a consequence of participating in the 
program. All sites are "graduating" a group of students, 



1 

Actions taken by the Division of Education made it virtually 
impossible for students to use THA-MASTER courses toward a 
master's degree, a distinct departure from past practices. 
Therefore, for the first time in almost a decade, few 
students have gone on to a master's degree at L.I.U. 
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most of whom will be fully certified to teach in their 
states • All together more than two hundred students were 
fully trained over the course of this grant. This program 
can be used as a model retraining program with proven 
adaptability, it can be extended to many other areas. Dr, 
Madeleine Long is to be commended for the leadership she has 
offered to her colleagues throughout the country. 
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TABLE 1 



Directors Evaluation of Program 
(N«7) 



Reasons for Leaving 



Very 



Somewhat 



Not 



Don't Know 



Work too difficult 


1 


4 


1 




Pace too fast 


1 


4 


1 




Time demands excessive 


2 


4 


1 




Student did not under- 
stand what was involved 






5 


1. 


Student not prepared 
to make a commitment 


1 


1 


2 


2 
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TABLE 2 



Director's Rating of Program Components 

(N»7) 



Very 
Satisfied 



Somewhat 
Satisfied 



Somewhat 
Dissatisfied 



Very 
Dissatisfied 



Quality of Students 


4 


3 






Teaching Faculty 


7 








Course Content 


4 


3 






Reconraended Texts 


2 


4 


1 




Structure of ProL;ram 


2 


5 






Services Provided by L.I.U. 


4 


3 






Services Provided by Local 
College of University 


3 


4 
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TABLE 3 



Director's Evaluation of Implementation Problem s 

(N-7) 



Problem . Major . Minor , Not a Ptoblem 



Financial Resources 


2 


5 




Availability of 
Materials 


2 


2 


3 


Difficulty with project 
Faculty 




1 


6 


Difficulty with non-project 
Faculty 




1 


6 


Local A?iiinistrative 
Support 




2 


5 


Student Recruitment 


2 


3 


2 


Students Retention 


3 


3 


1 



31 



TABLE 4 



Director's Evaluation of Services Needed for 
Continuing Efforts 





Very Important 


Somewhat Important 


No Important 


Entire Long Island 
University Package 


1 


5 


1 


xechnical Assistance 




4 


3 


Financial Assistance 


6 


1 





TABLE 5 



Tes 


6 


No 


1 
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TASLE 6 



Students' Reasons for Applying* 






Reason 


Number Responding 


Short time period 


41 


Always wanted to teach mathematics (Physics) 


39 


To obtain State Certified^ .on 


36 


Tuition is affordable 


24 


To help get a job in a secondary school 


23 


To help me get a Job 


21 


I needed a change 


20 


Interest in subject 


9 



Students were instructed to check as many reasons as apply. Therefore, 
totals will vary. 
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TABLE 7 



Perceived Self Concept of Ability to Study and Teach Mathezigtlcs 

(Percentage) 



Item 



Initially, when I thought 
about studying mathematics 
(physics) at a university, 
I felt: 



Very 


Somewhat 


Somewhat 


Very 


Co.4f ident 


Confident 


Insecure 


Insecure 


20.8 


59.3 


15.2 


5.5 



Item 




Response Category 






When I taught 
mathematics (physics) 
before I started this 
program, I felt: 


Very 

Confident 


Somewhat 
Confident 


Somewhat 
Insecure 


Very 
Insecure 


I never taught 
this subiect 


18.6 


34.2 


7 


1 


38.6 
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TABLE 8 



Student's Ratings* of Program 
(N-72) " ~ 



Categories** 



Item 


1 


2 


■ • 3 


4 


5 


Education Philosophy 
of the program 


58.3 


16.6 


16.6 


5.5 


2.7 


My Experiences at 
this University 


52.7 


26.3 


13.8 


5.5 


0 


Academic Counseling 


37.5 


22.2 


29.1 


6.9 


4.1 


Teaching ability of 
Faculty 


59.7 


27.7 


8.3 


5.5 


0 


Attitude of Faculty 


71.4 


24.3 


4.0 


0.0 


0.0 


Level cf Courses 


54.4 


30.0 


11.4 


4.2 


0.0 


Text books 


34.2 


34.0 


14.0 


12.8 


0.0 


My performance 


54.2 


35.7 


5.7 


4.4 


0.0 


The Performance of 
my peers 


45.9 


27.1 


22.8 


4.2 


0.0 



* All ratings are in percentage 

** 1 - Very Satisfied 

2 " Somewhat Satisfied 

3 « Neutral 

4 ■ Somewhat dlssatlsiied 

5 ■ Very dissat^.sf led 
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TABLE 9 

L,I,U, Students' Reasons for Applying* 
(N-25) 



Statement Number 

To obtain State Certification 18 

The opportunity to complete a retraining program in 

a relatively short time appeals to me 13 

I always wanted to teach mathematics 12 

I needed a change . . . • 8 

The tuition is affordable 7 

To help me get a job in a secondary school 4 

To help me get a job 4 



* Totals do not add up to 25 as students were instructed to check as many 
as apply. 
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TABLE IC 



Initial Self Concept of Ability to Study 
and Teach Mathematics of L.I,U. Student s 
(N.25) 



Item Response 

(in percentage) 





Very 


" Somewhat 


So newhat 


Very 




Confident 


Confident 


Insecure 


Insecure 


Initially When I 










thought about studying 










mathematics at a 










university » I felt: 


32.0 


52.0 


16.0 


0.0 


When I taught mathe- 










matics before I 










started this program. 










I felt: 


18.0 


68.0 


14.0 


0.0 
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TABLE 11 



Long Island University Students Early EvaJuation of Progran 

(N-25)* 



_ Item 





1 


2 


3 


4 


5 


The educational philo- 
sophy of the proeram 


45.8 


16.6 


37.5 


0.0 


0.0 


My experiences (general) 
at this university 


32.0 


36.0 


24.0 


4.0 


4.0 


The academic counseling 
which Is available 


24.0 


40.0 


32.0 


4.0 


0.0 


The teaching ability of 
the faculty 


52.0 


28.0 


:o;o 


16.0 


4.0 


The attitude of the 
faculty 


60.0 


16.0 


8.0 


12.0 


4.0 


The level of the 
courses 


40.0 


32.0 


12.0 


i2';o 


4.0 


The textbook assigned 


24.0 


36.0 


8.0 


28.0 


4.0 


My performance in the 
progran 


20.0 


32.0 


8.0 


40.0 


0.0 


The performance of my 
peers 


12.0 


32.0 


48.0 


U.O 


4.0 



*Responses are reported in percentages: 



1 • Very Satisfied 

2 » Somewhat Satisfied 

3 « Neutral 

A ■ Somewhat dissatisfied 

5 « Very dissatisfied 
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TABLE 12 



Post Self Concept of Ability of L.I.U. Students 
to Study ,.nd Teach Mathematics 

(N-18) 



Item Responses 





Very 
Confident 


Somewhat 
Confident 


Somewhat 
Insecure 


Very 
Insect'Te 


After my 

experiences this 
year, when I think 
about studying 
mathematics at a 
university, T felt: 


33.0 


5.0 


17.0 


0.0 


When I teach mathe- 
matics, I felt: 


A3. 7 


50.0 


6.2 


0.0 
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APPENDIX IV 
DISSEMINATION CONFERENCE 
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CONFERENCE PROCEEDINGS 



The Hftllman Acad^zmy' 
for 

Mathematics and Science 
Teacher Edncafioii Reiraiiiing 
THArMASTER 



Doveloped with Support from . 
Th9 Fund for the Improvement or 
Post Secondary Education 
(FiPSE) 
and 




FOUNDING SITE 

Long Island University 
Brooklyn Campus 
Brooklyn. New York 11201 



THA-MASTER DISSEMINATION SITES 



* nzon^ State University 
Tempe. Arizona 

Beaver College 
Qiensioe. Penrisyivania 

Tne University of Miami 
Miami, Fionda 

Ire University of Nortnem Colorado 
Greeiey Coiorado 



Poniand Pupitc Scnoois 
Poniand. Maine 

Texas Woman's University 
Denton. Texas 

^renton State College 
Trenton, New Jersey 

Western Oregon State College 
Monmoutr^. Oregon 
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THA-MASTER DISSEMINATION CONFERENCE 
San Juant Pueito Rico 

PROGRAM 



Decenber 3, 1986 
6:00 p.m. 
SMSion I 
7:30 p.m. 



December 4, 1986 
Session II 

8:30 a.m. - 10:30 a.m. 

10:30 a.m. 
Session III 

10:A5 a.m. - 12:15 p.m. 



12:30 p.m. - 1*45 p.m. 
Session IV 

2:00 p.m. - 3:45 p.m. 



- Reception 



Welcome Remarks - Ramon Cruz« Ph.D.« 
President 

Inter American University 

Keynote Address E.O. Pollak. Ph.I}. 

MATHEMATICS TEACHING: THE FORCES FOR 
CHANGE 



- Site Directors and Representatives 

MODIFICATIONS, DEVELOPMENTS AND 
FUTDRE PLANS FOR THA-MASTER 

- Coffee break 



- STATE AND FEDERAL PERSPECTIVES 
AND REACTIONS 

Fred Paul 
Martin Friedman 
Luis Martinez 
Manuel Garcia Morin 

- Lunch 



THA-MASTER Student Perspectives 
HAS THA-MASTER WORICED? 
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Session V 

4:00 p.m. - 4:30 p.m. 
Decmber 5, 1986 
Session VI 
8:30 a.m. - 11:45 



10:00 a.m. - 10:13 a.m. 



Edward Grant, Long Island University 
Terry Siae, Western Oregon State College 
Lynetta Cole, Texas Woiaan's University 
JoAnn Schuck, Trenton State College 
Maureen Guim, Beaver College 



- Site Directors Business Meeting 



- Site Directors Papar Presentations 

1. A. Richard Polls 

HEIBAINING; THE TIP OF THE ICEBERG 

2. Dorothy Relleher 

BEIRAINinG TEACHEBS THROUGH PEEER 
TRAINING 

3. Gilbert A. Cuevas 

STRATEGIES FOR UlUVERSITY AND SCHOOL 
SYSTEM COLLABORATION 

4. Michael A. lannone 

RETRAINING TEACHERS IN MATHEMATICS: 
STANDARDS AND EVALUATIONS 

5. Robert Main 

PRESENTATION OF CALCULUS TO RURAL AP^S 
THROUGH THE USE OF VIDEO TAPES 

- Coffee Break 



6. 



Madeleine J. Long, Sheldon Pasner 
PROGRAMATIC ASPECTS OF TIIA-^IASTER AT 
LONG ISLAND UlUVERSITY 1972-1986 



Rose Marie Smith 
i:OMES IN !tATIISMATICS: 
RETRAINING 



SUCCESS IN 



8. 



9. 



Paul Lightsev 

A STRATEGY FOR RITR^MNING TEACHERS FOR 
PirfSICAL SClEr:CE 

Ivalccr Gllckman 
RETRAIN'INC EINSTEIMS 
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12:00 p.m. - 1:00 p.m. 
Session VII 
1:15 p.m. 

1:45 p.m. - 4:15 p.n. 



5:30 p.m. 



December 6, 1936 

Session VIII 

9:00 a.m. - 12:00 p.ni. 



- Lunch 



- Madeleine J. Long 
THA-KASTEE: AN OVERVIEW 

- FORUM: TEACHING MATHEMATICS AND SCIEJ 
IN PUERTO RICO 

Panelists 

Lucy Caspar 

Manuel Gomez 

Julio Lopez 

Edna Mendez de Ortiz 

WilHam Stephens 

Moderator 

Dr. Manuel Garcia Morin 

- Reception 

The "Japanese House" 
Inter American University 
Metropolitan Campus 



Continuation of THA-MASTER Network 
and wind up of NSF and FIPSE Projects 



CONFERENCE STAFF 

Dr. Madeleine J. Long 
Conference Director 

Director, Institute for the Advancement of 

Mathematics and Science 
Long Island University 



Dr* Manuel Garcia Morln 

Conference CoorHinator 

Special Assistant to the President 

Inter American University 

Dr« Luis A. Hartinez*Perez 
Conference Coordinator 
Chalman, Curriculum and Instruction 
Florida International University 



COWFSHENCE PARTICIPANTS 



Ms. Lynetta Cole 

]>r* Ramon Crux 

Mr* Gilbert A. Cuanras 

Dr* Martin Friedman 

Ms* Lucy Caspar 

Dr. Walter Glickman 

Dr* Manuel Gomez 

Mr. Edward Grant 
Ms. Maureen Guim 
Dr. Michael lannone 

Ms. Dorothy Relleher 

Dr. Paul Ligbisey 

Dr. Julius Lopez 



* TRA-MASTER Graduate, Texas Woman's 
University 

- Presldantv Inter American University 

- Professor of Education and Mathematics 

- Srhool of Education and Allied Health 
Sciences, University of Miami 

- Director of Teacher Education, New Jersey 
Department of Higher Education 

- Professor of Education 
University of Puerto Rico 

- Professor of Physics 

Long Island University, Brooklyn Campus 

- Proftssor of Physics 
University of Puerto Rico 

- THA-MASTER Graduate, Long Island University 

- THA-MASTER Graduate, Beaver College 

- Chrixman, Department of Mathematics, 
Trenton State College 

- Mathematics Teacher, Portland Maine 
School Systems 

- Chainan of Physics Department, University 
of Northern Colorado 

- Science Program Director 
Department of Education, Central Office 
Puerto Rico 
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Dr. Robert Main 
Dr. Robert Moore 

Dr. Andrew Nickolakis 

Dr. Edna Mendez de Ortiz 

Dr. Sheldon £. Pasner 

Dr. Fred Paul, Chief 

Dr. A. Richard Polia 
Dr. H.O. PoUak 



Ms. JoAsn Schultz 
Ms. Terry Sim 

Dr. Rose M. Smith 

Dr. William Stephens 
Dr. David Williams 



- Professor of Mathematics 
Western Qrt^M State College 

» Associate Dean, School of Education 
and the Allied Health Science 

* Univarsity 6f Miami 

* Chaixm&n of Mathematics Department 
Long Islwd University, Brooklyn Caucus 

- Director of the Department of Science 

- University of Sacred Heart 

* Teacher of Mathematics and Cooputer 
Science, Brooklyn Technical High School 

' Director, Bureau of Mathematics Education 
New York State Education Department 

* Dean of Graduate Studies, Beaver College 

Retired, Assistant Vice President 
Mathematical Communications and Computer 
Science Research Laboratory, Bell 
CooDunlcatlon Research 

THA-^IASTEE Graduate, Trenton State College 

TEA-MASTER Graduate, Western Oregon 
University 

Chairman of the Mathematics, Physics, 
and Computer Department, Texas Woman ^s 
Uxiiversity 

Dean of Science and Technology 
Inter American University 

Mathematics Educator, 
Philadelphia School System 
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THE TIP OF THE ICEBERG 
BT 

A. RICHARD POLIS 
DEAN OF GRADOATE STUDIES 
BEAVER COLLEGE, 6LENSI0E, PA 



Wa ara reminded on a daily basis that we face a crisis in 
education. Z aa not sure that all of the national reports about 
schools and schooling which have been written over the past few years 
are clear reflections of reality. Zet they do suggest tnat we need to 
get our house in order. Certainly the reports of falling test scores 
are not the only measure of the quality of education available in 
this country. Since we strive to educate all children, the drop in 
SAT seores# for example, needs to be interpreted in light of th'" 
large numbers of students who now choose to enter college. The 
community collage movement in the 1960 *s may offer an explanation of 
this phenomenon. 

' I believe that the brightest and most talented middle class 
children are getting e better education today than they did 20 years 
ago. However, the problem we face may be one of educating children 
who are much different than the ones we taught 20 years ago. Ke may 
need to adjust and revise our way of thinking. Demographic reports 
indicate that the largest population of economically disadvantaged 
and minority students are rind will continue to enter our schools in 
larger and larger numbers in the next decade and that we are not 
prepared to offer these children the education they need and deserve. 
This represents a waste of natural resources, as well as a system of 
subtle discrimination which is aimed at groups with the fewest 
resources and very little political influence. We are in a position 
to see that this kind of discrimination does not continue in the 
future. 

As educators and leaders in our field, we are often blamed for 
the ills of society - not only are we blamed for illiteracy, we are 
charged to provide the children of this country with parental 
guidance, moral values, motivation tc succeed, and more. We are 
expected to teach and fill in where the home lejives off. We may not 
be able to fulfill all of these needs. Zet, we should be able to 
assure a high quality education to all by seeiu? that teachers in the 
field are well educated, knowledgeable, caring people. 

Such a charge to the public schools makes it difficult at best to 
offer high quality education, given the talent and resources at ouc 
disposal at the present time. But don*t despair just remember what 
Will Rogers said: " The schools ain*t what they used to be and they 
never was." I am sure that all of us in this room have a vision that 
will make the schools what they "nev^r was." 

- 12 - 
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Rather than speak to the general ills of the schools let me £o 
on the crises that we a^ mathematics edncators most resolve in tt^ 
next decade if we are to assure high quality mathematics education i; 
oar schools. In our work as the primary edncators of teachers 
mathematics we are presently treating symptoms of an illness in o 
society; that is a lack of bright - well educated « teachers o. 
mathematics. In order to do a better job# we need to look below 
snrface, rather than focus on "the tip of the iceberg." To do thiSi 
we need to consider the various crises which impact on the traininc 
and retraining of teachers in the natural sciences. At present and f* 
the years to come, we face the CREDIBILITX CRISIS - THE QOALI 
CRISIS - THZ PRESTIGE CRISIS - THE S&IARX CRISIS - THE F0H0IN6 
- THE COMPSTITIOH AHD RETIBEHEHT CRISIS - THE CONTIHUITT CRISIS - 
AFATHT CRISIS - AND THE TALEHT CRISIS. 

In this paper # I intend to define some of the problems that 'wr 
face today in teacher training and upgrading in the natural scienns. 
I will then try to point to some solutions that exist and some that 
need to bii -put in place. Since this paper is limited in space and 
scope, a bibliography is provided for the reader since J refer to fm 
sources in the body of the paper. 

THE PROBiaMS : 

1* First we face a crises of confidence - John .Q. Public does not 
believe that our children are getting the best teachers 1 The truth is 
that this perception is correct 1 Twenty years ago the brightest anf 
most talented people whc entered education were women* 

I am sure that some of you in the audience would argue that this 
is still true. Many of :he women who would have entered science and 
mathematics teaching today are planning to become engineers, 
lawyers, medical doctor;^, mathematicians, or scientists. The National 
Science Teachers Association reported in 1981-82 that there was a 771 
drop in the number of mathematics teachers trained between 1971 anc 
1980. A similar drop of 65% was reported for science teachers. 
Another statistic mentioned in that report indicated that there were 
only 32 graduating seniors who planned to teach mathematics in ttat 
state of New York in 1982 and 20 in the state of Texas. Ke might ask 
the question - How good are those 52 teachers and are they still in 
the field? 

2. Next we face the crisis of prestige - Ask yourself the guestior 
''Would I encourage my children or grandchildren to become public 
school teachers?" I will not ask you to raise your hands and let me 
know how many would encourage their own flesh and blood to become 
teachers. I have asked myself # my colleagues, and my students thii 
question. The answer has been clear; Salaries are too low and people 
do not respect teachers. Why should one spend four years in collegi 
at great expense # continue to go to school for a masters or even t 
doctorate and find that friends and the general public lack respect 
for their chosen profession? 
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Kilpatrick and Hilson suggest that tne shortage is a reflection 
of the negative attitude society and the Education Comzaunity has 
toward matheaaticSr teaching and teachers. Current proposals fail to 
mskm teaching an ""attractive profession which can attarct and retain 
suparior teachers." 

3« Related to the prestige crisis is the salary crisis. The 
average teacher in the United States is paid about $23,000.00 a year. 
The KBA reported that teachers lost $1700.00 in constant dollars 
between the years 1971 and 1983 and the average salary was 
322,000.00. Another source reported in 1984 that the range of average 
salaries for teachers was between $15,895 and $28,877. The average 
age of teachers today is 39. Bow does the average salary compare 
with that of other professionals who have reached the peak of their 
career at this age? How do professionals in the field react to the 
question, "If yon could choose a career again# would you teach?" 

A 1966 survey showed that over half would re-select teaching as a 
career. In 1983 a repeat of the same survay showed that figure had 
dzoppfed below 25%. Much of the reason for this is lack of prestige 
and Boney. 

4. Consider next the funding crisis - the cost of a college degree 
is as little as $9,000.00 and as costly as $65,000.00. Few 
scholarships exist and those designed for teachers are usually 
limited to $2,500.00 a year. The top universities in this country 
charge $16,000.00 to $18,000.00 per year for room, board, tuition and 
books. Funding for retraining and upgrading .is available and that 
may increase. However, this administration has cut hack on various 
sources of scholarship, loan and aide. Would you invest $40,000.00 to 
$60,000.00 in a career which guarantees low pay and little prestige, 
especially if you knew that you had to find a summer job and 
moonlight to feed yocr family? I would guess that the answer would 
be no for highly motivatedr intelligent individuals who demand 
excellence of themselves and others. Does this mean that leas bright 
people will and do choose teaching? It seems to be the case today, 
and this reinforces the notion that teachers are not as well educated 
as other professionals! 

5. Given that a great number of young and talented women enter the 
Profession, get married, and raise families we have the continuity 
crisis. That is, many of the women who teach will take a maternity 
leave while others choose to stay home for many years and raise their 
families. This gives rise to the question of day care. We have few 
good day care facilities in the schools. Certainly schools more than 
industry could provide excellent day care for this talented group of 
women who may be lost to the profession for ten years and then may 
come back at a time when their training and knowledge is out of date. 
The time and cost of retraining is a burden placed on the returning 
teacher, with little or no support from the government, the 
profession, or the schools. It might be more efficient and cheaper 
to finance quality day care. 




6. The apathy crisis ^ Teachers are seldom enlisted in the task of 
designing corriculom for the very children whoa they teach. This is 
one of the things that makes teachers feel powerless and apathetic. 

Kilpatrick and Wilson point to the *top down" manner in which 
cnrriculom is developed in the schools as a cause of apathy. They 
further suggest that input from mathematics teachers is ignored or 
minimize^. 

7. The exit and retirement crisis - We know that a great number of 
teachers leave the field for industry. Host leave in the first five 
to seven years. Many of the others who leave the profession do so 
because they have retrained, especially in computer technology. This 
group has been seduced by industry. In addition to this we expect 
another crisis to emerge, namely the retirement crisis. We know that 
a large number of teachers entered the profession in the 1940*s. 
These experienced and talented teachers will retire in the next five 
years • Given the increased graduation requirements which have been 
mandated in most states, we will be unable to find certified and 
qualified teachers for oar classrooms. It is ironic that we will face 
a Xarge iihortage at e time when the profession is trying to raise 
standards. Z am sure that yon all know what this will do to these 
efforta. 

Hawley indicates the importrnce of addressing the attrition 
crisis. His suggestion is to improve the quality of the workplace as 
a means of keeping experienced teachers and of attracting teachers 
back to the profession. 

THE SOLOTIOWS g 

If we are to solve or partially solve the problem of supplying 
high quality mathemtics and science teachers for tke classrooms of 
tills country, we need to consider all of the suggestions which follow 
as a starting point only. We all need to be creative in our approach 
to the problems which face us, and pose more creative and practical 
solutions now and in the future. The suggestions listed here may only 
serve to melt the tip of the iceberg, but they offered as a 
beginning. 

1. PROVIDE SCHOLARSHIPS AND GOARANTEE JOBS TO THE VERY BRIGHTEST 
PEOPLE IP THEY ARE WILLING TO TEACH MATHEMATICS OR SCIENCE. 

2. FINANCE GOOD DAYCARE AS A BENEFIT SO THAT WE DO NOT LOSE LARGE 
NUMBERS OP EXPERIENCED. TEACHERS. 
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3. OFFER SCHOULRSHIPS AHD/Or'lOAH FORGIVENESS TO PEOPLE WHO ARS 
WILLING TO RETRAIN INTO MATHEMATICS OR SCIENCE AND THE SAME TO 
UPGRADE TEACHERS ALREAOX IN THE CLASSROOM. 

4. OFFER MERIT BASEt) ON BOTH TEACHING QUALITY AND PROFESSIONAL 
GROWTH FOR ALL TEACHERS AND BONUSES FOR TEACHERS IN AREAS OF 
SHORTAGE. 

5. SUPPORT AND ENCOURAGE TRAVEL TO PROFESSIONAL CONFERENCES FOR 
ALL TEACHERS. 

6. RETRAIN THE BEST AND BRIGHTEST TEACHERS INTO AREAS OF SHORTAGE 
AND PAX ALL EXPENSES. 

7. DEVELOP PARTNERSHIPS WITH THE COLLEGES AND UNIVERSITIES. IF 
THST WON'T COME TO YOO THEN YOU SHOULD APPROACH THEM. ' 

8. MAKE SALARIES COMPETETIVE WITH THOSE IN INDUSTRY AND CONTRACT 
WITB TEACHERS FOR 11 MONTHS SO THEY CAN PLAN, DESIGN CURRICULUM, AHD 
COT DOWN ON MOONLIGHTING. 

£>. INVOLVE TEACHERS IN DECISION MAKING SO THAT THEY DO NOT BECOME 
APATHETIC. 

BY RECRUITING AND REWARDING THE BRIGHTEST PEOPLE, WE WILL 
EVENTUALLY RAISE THE SELF IMAGE AND PUBLIC IMAGE OF TEACHERS IN THE 
FIELD. WE KNOW THAT MANY PEOPLE WILL NOT TEACH BECAUSE THEY DO NOT 
SZE TEACHING AS A VALUED PROFESSION. IF WE AS PROFESSIONALS DO NOT 
LOBBY STRONGLY FOR THESE CHANGES, WE WILL NOT BE ABLE TO SOLVE SOME 
0? THE PROBLEMS WE FACE. I SEE THIS CRISIS AS VITAL TC OUS NATIONAL 
S2CORITY. ONE MISSILE A YEAR WOULD PAY FOR ALL THAT IS NEEDED. 
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REmmwc or maihehatics teachers by peers 
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SQROTBT KEUiSSR 

MATHgMAT Tes TEACHER, DEEBSC EZGB VODOL 
PQRZLABDt HAZHB 

Zbe csDO&pt of trsiaiag qtuUflsd tMchnt to tw^ -aukthsBEties f aid- 
a&tod at froB tho fiLzxt tiv Z hoar£ ^bost tte Loos Tilmfl ?ro^et« Vlthoot 
eoaiidrTlas ^yvslf «l & potostlal tniamx^ I opnOy statod thst Z f^lt -to&ehsrs^ 
pnoostiy tuehinf «t tho hi,^ school Irfot md eellofi lotoXv iartoad of 
eolloi^ profMsan, should do ths touhlaf. iith s groelag nosd f or ssth 
toaehirs ia Portlsndt tho Portlssd School Sjstcm folt sho ttia start to 
traia twiAaxa. At this poiatt Z sugsMtad that Z *bo oao of tvo 'Portland 
taadhan to taaeh ais eomaa for tha **LaBg Zilaad ?roJaet«" 

Zh Jtegast^ 1 startad tha Safroahar Hsth Ooma aaA eootisoad 

throng mealealaa. Z f< la llareh« 1966 and fir* Lassy Vhi^alar atartad 

hia satna&oa of .mnaa laelndias ealeolaa. Za tha aprlag of 19^» Z vlll taach 
tha last eoaraa a&d hepafnlSy tia tha two raan togathar* Hr. Bhaalar nd Z • 
hroa^ rich tiirtTlir ff*n to thte prograa. Z hara taa^ gradaa aaraa throu^ 
timl^ f^om haala aath thzoa^ nT ^'^^ and siaea 1967 Z hsTa tmifi t a Taxiatj 
of eonraaa for tha ttal^faralty of Miiiaa. Dr. Whaalar taa&has aaaay UBP«r loTal 
eqnraaa a&d haa aztaaslTa aa^ariaaoa at tha eollAga laraX. 

Beeaoaa Z fait It Tltal to raealTa ispat tram tha projtct participurta, 
Z aakad aararal to crltiaua tha projaet* Iha folloirfag polata aadar 

1) Tha instroetor la aasUar aeeaadhla. 

2) Somaona "Aio la prasantly taaehlng hl^ acbool rtuden-t:a has a 
Buch hattar Idas of Just vhat training is aaadad to ba a aath 
teashar* 

3) ZT a partlsipast has a prohlaa^ ha could gat help iamadiataly. 

k) A fallov taaehar la fisillar vlth tha local aehool ealandar tad 
can adjust tha daaa achtduling to aceoBGtodata aaeh spadal situs* 
tloa that ziight a^a« 
• 

5) UMP Listructora icnov tht raallty of tha elaaarooa and tha advica 
that they giro la hastd on their e:7e7ianee in a elassrooa of 30 
sxude&ta vlth difff >ant ability and aotlTation. 

6) Their adTiet is prae'jical and they are lest sonsezned vith 
educations! Jargon snd theo:^ than with vhat vorJts daily in the 
daaaroom. 
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7) Zgully iaportaat is they neognizt thsj «xo sot erutlzif mnthn ■ 
astdet tat zrtnlaiBg twehsxs to tud utli* Most sdiool jjatema 
do not SMd tea calcnlM toaehsn, Inxt thsj do nood toaefasrs vho 
hmrm a good nodcrstaadiac of ai±h txxd its ssplieatioa to doiSj UTa. 

6) An e^paricasod* aaeoaduy aath tsmehar can tsasli not only tha eon* 
test tat tht vay to taaeh tha ranteat* 



. 2a eloainst Z vonld 2Ik» to add that this projsst haa basn aost snJoTahla. 
Z'I'mI ratraining ttaehaxa 1^ taash aath ii a Tiahla aolntion to tha problea 
of a ahortaga of asth taachan. 



******************************************** A 

* * 

* * 

* * 

« Dorptbj ?• Xallthar taachaa aathcmatica ut Daerlng « 

^ High Sehoolt Portland, Maiaa and coachaa tha Deering Hath ^ 

^ Ta^ou Sha taachaa part-tiiDa at tha Ihiivaralty in Portland* a ^ 

^ Projaet tor ratraining taachara» sponsorad by Long laland ^ 

^ Ihiiimxalty* Sha raealvad a in nathamatles from tha ^ 

A Dnivaralty of Maiaa at Onmo in 1967 and a n.A. in oathamt- « 

^ i*lea fron Bowdoia CoUaga in Brunsvlck la 1972. She Is « 

A «uarrlad to Daaals J. Kallehar» a software anginaar with ^ 

n Innovative Software and a bridge columnist. She has one * 

A son, Brett. Her hobby is bridge. « 
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STWATEggS TOB mmgSSITT AHP SCHOOL STSTBl COILAB0RA.TIOH 

HI 

gTI BEBT J. CULVAS 

PSQFESSO&, UIZHSUZICS/CaUFIITER SDUCmOR 
DIBECIOR or ISnSHinOHAL EDDCmOH PBDGMMS 
SCHOOL CP ESOCmOR iRD AT.T.TTD FBOIESSZOHS 

nBzvzitszii OF iQuta 

Iptpttdggr Ion 

Th. ln-.ertio« education of teachsrs has andergone a 
period of cbans^ and railroctlon In th. past ten rear.. Oaa 
of the .o.t .igalf i«mt changes has been the increased 
„»ponalblU.ty «:hool .yst.« and teachers have assu«d In 
the design and i.plei«ntatlon of la-sarrioe progruas- More 
raoently. dissatisfaction «r!th ths oarrant status of ' 
adncatloa ha. hsd «i l-ptot on tb. nature and content of 
m-servlae activities. National reports on education (e.g. fi 
l^ialc . RCrr;!'. flu ftTn>^fl f9r ft=t^qa> have called for 
a reorientation of corrlenlu. content to reflect a stronger 
•apbasl. on basic skill, is general, and In aathe-atic 
education, a «or. defined focu. on problem solving and 

sonputer^based slcllls* 

Both, the Chang, in teacher role concerning ln-5c^vlce 
and th. deaands for curriculua change in aatheaatics. have 
iMpllcatlons for th. wa, In-.ervlc. activities ar. designed 
and inplenented in th. next decade. This paper will present 
a general approach to th. planning of In-service activities 
m .atheaatics which addres.es these latter factors. To 
provide th. necessary background for related issues, the 
paper «lll also deal with a discussion of the need for 
In-servlce education In mathenatics. 
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The term in-service education has assumed a variety of 
meanings. The meanings range from a planned degree-program 
to the study of a topic of interest by a teacher. 
In*service education has been formally defined as "... 
commonly understood to include the collegiate and 
schoul-based programs of professional study and work in 
which the teacher is involved after he/she has been 
certified and employed ... These include Institutes, 
wcrKshops, and ax ter-'S.'^hool and summer activities" (Cogan# 
1975, p. 220). More recently, in-service activities have 
been subsumed under the term staff development. This term 
denotes the shift in direction from higher education 
institutions to s'^hool districts for the initiation, 
planning, implementation and evaluation of in-service 
programs. Another term which has been used to \ndicate 
in-service activities is that of teacher retraining. With 
the need for larger numbers of mathematics teachers, 
attempts have been made to recruit and "train" educators 
(outside of mathematics) and non-educators alike into 
programs which will provide for them the content knowledge 
and skills to teach mathematics. 

The forms in which in-service activities are delivered 
to teachers are as varied as the terms which are being used 
to label such activities. In-service may be provided to 
teachers through one or a combination of one or more of the 
following - short courses and workshops, contracted training 
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of teachers and production of materials, col lege'-based 

courses/degree programs, "clinical" supervision of teachers 

with a consultant, academic credit awarded for 

attending/participating in professional conferences, summer 

institutes, and short term seminars on specific topics. As 

can be seen, the list is only limited by the creativity and 

resources of the individuals and agencies involved in the 

planning and implementation of the activities. The duration 

of the in-service also can range from a "one-shot" workshop 

to a long range (one/two year) program of studies. 

V'hat is the basic reason for having an in-service 

program in mathematics? In a general sense, it has been 

expressed as follows: 

Maintaining and improving the competency of 
teachers i s perhaps the most important factor in 
achieving better educat ion in the schools. 
Educc^tion is a process of growth that builds on, 
and pro f i ts from, experience . Teachers of 
ma the mat ics are not immune to this essent ial 
character i St ic of educat ional growth. Thus, the 
s ign i f icance of in-serv ice educat ion for 
maintaining and improving the competency of every 
mathematics teacher can hardly be overstated 
(Downs, 1977) . 

There are a number of other arguments, in addition to 
the general one presented above, which provide a rationale 
for in-service education for mathematics teachers. There is 
a need to strengthen and/or upgrade the content knowledge of 
teachers, as well as to prepare teachers from other fields 
to teach mathematics. Curriculum changes have mandated that 
in-service activities address the teaching of problem 
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solving skills* and the integration of computers into "".he 
mathemat ics instruct ional process Leg is la t i ve mandates 
have forced teachers to implement comprehensive student 
assessment and reporting. A concern for the mathematics 
education of students historically underrepresented in 
mathematics (i.e. women and minorities)* has brought about 
the need for the implementation of programs to address this 
problem. These are areas* which in the past* were not 
addressed by in-service activities or lacked the depth 
necessary to give teachers the required knowledge and 
skills. Finally* it has been said that the most compelling 
reason for having in-service education is that teachers have 
strongly expressed a desire to be ivolved in such 
act i vit ies. 

There are a nuaber of questions or issues which 
confront in-service educators as they plan activities for 
mathematics teachers. The reason why these issues exist can 
be attributed to the nature of mathematics in-service 
education during the latter part of the 1960's and the 
early '70s. During this time attempts were made to 
revolutionize the content and teaching of mathamatics. 
In-service activities during this period were characterized 
by strong funding support from federal agencies and 
predominant implementation by Institutions of higher 
educat i on * 

The questions or issues to be resolved are as follows: 
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1. Should the content of the in-service program address 
mathematical knowledge, teaching methodology or should it be 
balanced between the two areas? 

The programs of the sixties favored increasing 

teachers' mathematical knowledge over increasing their 

skills in teaching methodology. One outcome of this 

emphasis on content over pedagogy was the questioning by 

teachers of the usefulness and the benefits they received 

from in-service education. Teachers felt that while the 

programs gave* them a thorough content preparation, they felt 

inadequate in dealing with the problems they faced in the 

classroom. During the latter part of the seventies, as a 

reaction to this concern, in-service program in mathematics 

dealt primarily with methodological topics - 

diagnostic/prescriptive Instruction, dealing with 

academically heterogeneous student populations, and 

strategies for dealing with remedial/gifted students. With 

the advent of recent reports critical of education, the 

pendulum appears to be swinging in the direction of 

mathematical content as the focus of in-service activities. 

This time it appears that methodological issues may be 

considered in the context of mathematical topics. 

2. Who should be responsible for the funding of in-service 
programs? 

The predominant rol e federal agencies played in the 
funding of in-service programs almost died during the latter 
part of the seventies. School districts picked up some of 
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the expense In the "staff development" of teachers, but not 
to the same degree as it had been experienced earlier. In 
recent years state legislatures have appropriated monies for 
teacher in-service programs and districts have also 
contributed their "fair share". Federal agencies appear to 
be funding some teacher in-service efforts In mathematics, 
but not at the same level characteristic of the sixties. 
Overall, it appears that the burden for financing in-service 
activities rests with the state or local school district, 
and many times this is done to comply with some legislated 
mandate . 

3. Who should be responsible for the design and 
implementation of in-service programs? 

One of the outcomes of the strong reliance on 

university-based programs was a feeling among teachers that 

their In-service education was "Institutional" in nature, 

completely disregarding to their own needs and interests. 

This created in some teachers the. inability to identify 

their own weaknesses and then to seek ways to overcome those 

weaknesses. In the latter part of the seventies and early 

eighties the concept of "teacher centers" became common in 

in-service education. The principal idea was to design and 

implement in-service activities based on teachers' and 

districts' needs rather than following a university-based 

program. The basic underlying assumption was to have 

teachers in control of their own in-service experiences. 
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Thi3 approach was reinforced by funding from state agencies 
(e.g. Florida), and it appears today to be a common 
approach to teacher in-service. In many states institutions 
of higher education have collaborated in the formation of 
the teacher centers and in the delivery of programs which 
are part of the total offered by the centers. 

In summary, it appears that for in-*service in 
mathematics, (a) attempts have been made to reach a balance 
between mathematics knowledge and teaching methodology in 
its co:it^nt, (b) the state or local education agency plays a 
predominant role in program funding, as well as the planning 
and coordination of the activities. These present 
characteristics of in-service education have implications 
for the nature of the relationship that must exist for 
university and school system collaboration in the continuing 
education of mathematics teachers. 

The major premise underlying any kind of in-service 
program is that "good" in-serv ice /retraining/cont inu ing 
education aucivities do improve teache^^ performance and 
student learn ing . Thi s ra ises the quest i on of what 
constitutes a "good" In-service program. Ais we know, any 
educational enterprise is influenced by a variety of 
factors. There are many factors which can be identified as 
contributors to the success of an in-service activity. 



Rowan, et al (1977) cite the following factors as 
contributing to the effectiveness of in-service activities: 

1* identification of needs and cooperative planning as 
an integral part of the program design process; 

2. provision of incentives for teachers to participate 
in the in-service activities such as release time, 
adequate funding, award of credits toward renewal of 
credentials/graduate degree^ and stipends; 

3» team approach orientation toward the in-service 
activities to give a sense of program "ownership"; 

4. appropriate balance of mathematical content and 
teaching methodology based on teacher needs and 
educat ional mandates; 

5. relevancy of content activities to daily classroom 
instruction^ so that teachers can explore 
instructional strategies and/or develop materials 
which can be immediately used in the classroom; 

6. cuntinuing evaluation of in-'service programs^ with a 
provision for revision of activities; 

7. regular and appropriate follow-*up in the classroom; 

8. integration of individual in-service activities into 
a cohesive program so teachers can benefit from long 
range objectives. 

The^roie^of^S2iie3g2-.I3^-.]iDlv£ESiii£S 

The previous discussion concerning issues and 
characteristics of in-service education set the foundation 
for the role colleges an^, universities need to play in the 
design and implementation of in-service programs. It is 
clear that the role of the institutions of higher education 
has changed from one of sole responsibility for all aspects 
cf in-service to one of "partnership" with the local 
education agency* Given the involvement of teachers in the 
process of planning in-service programs, ur^i vers i t ies have 
had to balance the content of the activities between theory 
and pract ice , ma the mat i cal knowledge and teach ing 
methodology. Also, institutions of higher education have 
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seen the need to move away from the traditional "degree 
program" form of in-service education to "delivery* 
strategies which are more closely in accordance with 
district goals and teachers' needs* 

&.a£a£i:ii.i£d£i^&£.imiv££:£itx/s£tiooi^l 

Given the factors which explain the success of 
in-service programs and the changing roles of institutions 
of higher education (IHE's) and local education agencies 
(LEA'S) » a general approach to the development and 
implementation of programs for mathematics teachers may 
consider the following conceptual framework adapted from one, 
proposed by the CftatC£,f gg«5jiiSa£igQ^I^S££^acgh,ang 
iQQgZaiiSS CCERI, 1978). The framework consists of three 
dimensions £2ii£S£ in-*service activities^ B£SS1SS 
necessary to design and implement the activities* and the 
will participate in the program. 

"^^^ dimension comprises the agents and agencies 

responsible for the planning and implementation of the 
in-service program. These may include - 

1. national /state/regional agencies* such as state 
departments 01 education* and state and national 
prof ess ional organ izat ions; 

2. local education agencies (LEA's); 

3. collegcs/uni vers i ties; 

< teacher centers (which may be part of an LEA); 
5 . independent consult ing f irms; 



6. publishing companies. 

The Qro££S^ dimension of the framework deals with the 
t^gkf which need to be accomplished in order to carry out an 
in-service program from incept ion to complet ion. 
TASK 1 - to determine the overall goal of the in-service 
program. Seven "orientations" of in-service programs are 
mentioned in the CERI report: 

^* ^£§BSl£lgSgl* ^0 update teachers with content and skills 
which are required because of developments in the field 
or new curriculum mandates (such as the in-service needed 
to comply with minimum state requirements in 
mathemat ics) ; 

2. 2StJ22i-E££i£2SiZE£i£-E£2Ei£alSii2S» necessary to change 
the focus of the school program to a different or 
innovative orientation (for example^ the implementation 
of a "magnet" computer school); 

3 . context^sgesif Xs /roie^j^mg^o vem to deal w i th spec i f i c 
skills/content teachers need in order to perform more 
effectively or to incorporate into their instructional 
program new teaching strategies (such as the skills 
needed to teach problem solving to students); 

5. continuXn3^edu£atXoa# possibly leadiug bo a graduate 
degree or higher level credentials; and 
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5* SSESSE-EESaESSSiaa* related to the concept of "master 
teacher* within a "career ladder program" some school 
systems are implement I ng . 

As can be seen> these *or ientat ions* are not mutually 

exclusive nor exhaustive^ but they provide an orientation to 

assist planners in focusing the purpose and objectives of an 

In-service program. 

TASK 2 * to determine the cost of the program and to 
identify and secure sources of funding. A large percentage 
of ln*service programs are funded by LEA's or state 
education agencies. Funding Is aiso becoming available from 
federal agencies for summer institutes^ retraining programs 
and materials development. It has been reported that 
teachers expect that '...in-service education should be 
provided as their due and privilege and that ... they 
should no have vO pay for it themselves* (Osborne, 1977, p, 
ix). Even though this expectation is real, many teachers 
pursue degree granting programs for which they pay, 
TASK 3 * to determine the type of reward" to be given to 
teachers upon successful complet i ^n of the in**service 
program. There are several "awards" which can be granted to 
teachers once they have successfully met a number of 
criteria for completing In-service activities. They include 
graduate degrees, certification, salary raises, career 
promotion, change in role from classroom teacher to resource 
professional. It is true that many in^-servlce activities do 
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not carry any type of "award" and some only require teachers 
tc be present at the sess i ons w i thout hav iag to show 
competencies gained as a result of the instruction. Recent 
concerns for accountability Indicate the trend to require 
teachers to show some degree of competency before an "award" 
for completion of the program is given. 

TASK 4 - to delineate roles and responsibilities for the 
coordination of in*-service activities. It is essential that 
in*-service programs receive input fror as many sources as 
possible regarding content and implementation. It has been 
suggested that equal representation among IHE's, LEA 
(supervisory and administrative personnel) and teachers be 
involved in the planning and coordination of programs. This 
will assure th^t the professional education of teachers is 
related to their interests and needs and in accordance with 
district goals. 

TASK "5 - to evaluate the in-service program. The basic 
purpose of the evaluation of in-service activities is to 
provide planners and other decision makers within the 
educational community with .information for program 
decisions. It is important to evaluate not only the B£Oces.s 
of in-service but also the E£2Sil£iS of the program. "How 
well was the program implemented?", is as important an 
evaluation question as, "What did the teachers learn or what 
skills did they acquire as a result of the activities?". 
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The source and B£2££SS dimensions of the framework must 
be Integrated in such a manner that the specific needs of 
the sll£Qt£ are addressed. In this case we are referring to 
teachers^ but It Is Important to differentiate the different 
populations cf instruct ional > and supervisory personnel 
whi^h may be Involved in in-service activities. For 
example^ elementary school teachers because of their 
mathematics bac'gi^ound woulJ probably benefit from 
activities diffe.^t^nt from the ones appropriate for secondary 
school teachers. The same case can be made about in-service 
programs for supervisory personnel^ as opposed to 
Instructional staff. Figure 1 shows a graphic 
representation of the framework presented here for IHE/LEA 
collaboration In mathematics In-service programs. 

A nation-wide survey conducted In the late '70s 
(Osborne, 1977) Indicated that: 

(?) most teachers desire a voice in determining the nature 
of the in-service program in which they participate* and 

(b) bad experiences reported by teachers with p'^ior 
in-serv ice e ducat ion were part i y the r^^sul t tnat 
teachers had not shared ici the decision-making process 
l1 the program. 

Th» involvement of mathematics teachers In every aspect 

of the des ign and i mplemf^ntat 1 on of programs for the ir 

continuing professional development is mos : important. 
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RmAININS TEACHERS IN MATHEMATICS: STAimARDS AND EVALUATIONS 



BI 

MICHAEL A. lANIIONE 

CBAJBlAPn. MATHEMATICS AND COMPUTER SCIENCE DEPARTMENT 
TREKTOll STATE COLLEGE 

Ihs Hatlon&l AssoelAtlra of Statt DcpaTtmcnts of Tsachsr Education and 
Cardfieadon (lUSDTEC) aacabliahaa atandarda for programa which prepart 
taaehara of Bachcaatlea. In thla papar ve vlU araluatt Trenton Statt 
Colltfa*a Prograa to Aatrala Taaehara in Mathamatlca againat aaeb of cht . 
currant act of savaa atandarda. Trenton* a eighteen noath program ofiera a 
•eqnenee of eight thrpe credit graduate couraea vhich is conjunction vith 
paaufs of the KaCional Teacher Exatdnacion apecialiaacion examination In 
natheaaciea leada to atate certification to teach iBathaaatica gradea K->I2« The 
state requlx*ema&t to be certified to teach n&thaaaclca for an individual who 
already holda a taaehlag cartiflekte In another field la 30 aeaeatar houra in 
natheaatica plua the NTS azaalaation noted. Each participant la required to 
bring 6 aeaaater houra of college credita in nathematica to the program and 
vhan added to the 24 credita offered, the atate requiraaens la fulfilled* The 
eight couraea offered are llated hmlem 

' MAT 510 * Survey of Hathematlca 

• HAT 512 Applied Calculua X 

HAI 5IA Applied Calculv^e XI 

MAI 516 Intrciduction to Modem Matheaatlca 

HAT 695 Topiea in Matheaaciea <or Secondary Taachera 

HAT 530 Foundatlona of Geoaecry 

. MAT 560 . Linear Alga^ " 

CSC 520 Pundamanr^l Cooputer Programaing 

The flrat five couxiea are nodelcd alter %.4»* THA-HASTER prograa at Long laland 
ThiiveTalty directed by Dr. Madtleint Lnng. Ae part of the pro^ran a two week 
refresher 'courae la offered to review al^-5»braic and geoaecric akllla needed to 
begin the aequenea. Additionally, each courae meeta alaoat double the norr^ 
time for graduate couraee vitb on»«half u^f each aeasion using the traditional 
claaaroon lt;cture followed by a laboratory setting which includes i-lividual 
tutorials, discuasion groups* problen solvi: % seasions and testing- 

3TANDART) I The PTograw ahall teouire dgwonstrated copoetence ir knovledee 
and underatanding of the basic goncents of algebra (elsnignrarv 
f unctlona includint trigonometric) , geometry (Euclidean and 
non-ftttclidean)t analytic gfoaerrv and calculus * orobabllxty, 
statistics, and nodent algeoravlinear an^> absrrastU 

In our Refresher Mathenatica course the participant rcviewa interacdiate 
algebra akllls aa well as many of the conccpte of the standard plane geumcci^ 
curriculuB. MAT 510, Survey of Matheaatics is a conventional praculculus 
courat which inc:.udes study of the polynoaial, exponential, logarithaic. and 
trigonoaesric fvnctions as well as analyric geomcvry. MAT 512 and MAT *?U, 
Applied Calculuji covers the standard diff ertinrial and integral calculus 

encountered in the typical Calculus I. II sequence ic^md in nost undergraduate 
prograas. MAT 530 » Toundations of Geometry explores Euclidean as well a^ non 
Euclidean geoaatries both from an axioaatic ipcroach as well as throuph use of 
aodels for tioti Euclidean geometries. In MAT 516, Introduction to Modem 
Hatheaatica the etudent is introduced to abstract alpebra through the study of 
groups, rings, and fielde« A separate csurae MAT 5fr, Linear Algebra is 
included to provide for the inelusim of the llneer algebva noted in the 
standard. MAT 695. Toolcs in Matheaatics is used to teach the orobabllity 
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and statlBtleii ud nnaber tbaorj ecmespts eatential to taaehara of natheaatlea. 
It la elaar that tha parcidpaat reealvu n extenalva aubjeet nattar 
baekgroond thmt providaa a thorough undaratandiag of tha natora of aathissiatica* 
Thla atandard ia fully sat. 

STASDAH) it Tha prograa ahall raoulra denoniitratad eompataBca in 

undaratandlaa of atandard nathamatiea voeabularr ano rvmbola and 
of tha lojgleal prlndnlaa uaad In ttathcmatieal proofs , 

• 

Through claaaroooi lactnraa and vorkahop aetlTltiaa ia all tha eouraaa* 
rathamatiea ia praaantad aa a laagnaga in which ona naada to ha abla to read* 
vrita» and apaak aa a vathaaatieian, Eaphuia i* placed on previdiog 
partieipanta vltb the op p o rtun ity to expreaa theaselvea vith aathaaatieal 
preeiaeneaa. Throughout the prograa partieipanta are required to uae correct 
aathaaatical notation. Beginning vltb the Courant and Sobbina text uaed in 
HAT 516 the istportanee of a/Bbolian» the nature of proof* and the concepta of 
logic are atreaaed. Tbrougb the remainder of the program thla foundation la 
built upon and tha atudenta expand thelx ability to do proof a. By the end of 
the program partieipanta ham learned to logically organize and write 
mathesatieal proof a^ Thla atandard la fully met. 

STAHDATO in The nrogram ahall TeoulTe damonatrated eoanetenee ia 

undaratandint roanber concepca and computational algorithms^ 
including aatiaatiop and anoroxinacion* and the use of 
a ppropr i ace aodela and manlpulativea for teaching thcae 
alaorithaa and coneeota . 

Beginning with the firat coorae and continuing throughout the program the re^^l 
number ayatem la acreaaed aa the foundation upon which tBathematiea ia built. 
Every effort la vde to provide underatanding of the differences and 
commonalitiea among the natural nunbera* integerag rational numbara, and 
irrational num era. In fact, in MAI 695 about one-half the courae ia devoted 
to number theory concepts essential to effective daasroom teaching. In 
teaching more aophladcated algorithms an analogy is made to a standard 
algorithm at a leaa general level, ror example » the proceas of dividing two 
polynomials ucing long division is shown to be • lalogoua to the long division 
algorithm for whole niiabera encountered in the telewencary grades. Partieipanta 
are encouraged throughout the program to estimate and approximate aolutions 
prior to obtaining formal aolutiona. Since no formal methods course la 
offered, the program iutegratea methodology into the regular couraework. When 
a aklU or coneept la encountered for which models such as graphs* chalk 
globea» atraight edge and compaaa or manipulative ' exiat, the iaatructor will 
demonatrate and in many caaea provide handa on experience within the lecture. 
Thla atandard la mat. 

STANDARD TV The urogram shall reouire demonstrsted competence In 

understanaing the Intellectuals historical, ard philosophical 
nature of raathenatics, tnethods of applying wathetnarisal 
nrlnc.tples to other disciplxnes, and cne relatf.onshlp of 
raathenatics through technology to social conditions. 
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Throughout th« prograa whenever ncv topics are introduced participate ere nade 
evare of historical developmentf ee well as any eocial implications. It is - 
etandard practice in aesignments to include problems vhieh illustrate the ' ' 
relationship of nathcmaties to the arts, humanities « husinesst medicine and 
sciences. Textbooks are carefully chosen so that cultural-»historical insights 
are not ignersd but presented ac suitable places in the courses. Mathematical 
deduction and the postulational method are discussed and used in HAT 516« This 
course t based on Courant and Robbina '*Whaf is Mathematics** especially satisfies 
thi^ standard. Here students leffra that one viewpoint of mathematics is that 
it arises from the attempt to solve probleatf related to the real world. They 
also learn that the pure mxithematicia&^s point of view is much different, 
applications are totally irrelevant and there is no need to search for them. 
It is .-ntffidant sij^ly to study mathematics for its own aesthetic value. 
Additionally the Geometry course emphasizes the postulational method and 
philosophical nature of mathematiea. In the computer programming cniree 
participants enter our terhnologieal society and develop an understanding of 
the role of mathematics in computer science and viee^ersa. Thie standard is 
met. 

STAHDASD 7 The nrogram shall reoujre demonstrated competence In the 

selection and creation of apnropriate mathematical models to 
. eolve ayplied problema . 

Students in the program experience mathemacieal models in several of the 
courses. The ir^et direct uef of modele occur in the Courant and Robbins course 
where one finds models constructed for groups, rings, and fields; in the 
Geometry course where the two major types of non*£uclidean geometries, 
Lobachevekian and Rioannian, are treated In detail; in Linear Algebra where 
matrices are used se e mathematical model for various applications, and in 
Computer Science whers mathematical modelling is eesential for problem solving. 
Applied problems also occur frequently in Cht calculus sequence with problems 
dealing with instantaneoue rates, maxima and minima, as well as problems from 
Che social and natural sciences. This standard is met. 

STAtTDABD VI The Program shall require demonstrated competgnec in 

lf<antifving. develooine and solving nroblens iffvolving the 
application of mathematical concepts > principle s» and 
nrobley-solving strategies . 

In virtually all the courses a great deal of rime is devoted to developing the 
ability to identify, irticulate, and solv« problems involving' mathematics 
principals and concepts. Early in the program participants are introduced to 
Folya's problem ^solving strategies. As problems are encountered these 
strategies are developed and demonstrated by the instructors. Students are 
encouraged to employ similar strategies in their own j^oblem .solving 
situations. This standard is fully met. 

STANDARL VII The program shall require demonstrated coppetence iti asirxT, 
calculators and computers in mathetnaslcal applications and 
nroblem^olving, and using a suitable computer language to write 
nrograns. 
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Clcnlator. and etwimter. luag* «« Integnud into th. i«^«n la Tarioaa 
«Iir?^lislTiHnM brlaeto cImmm a .detctfic calculator tftich tn*:^ «J 
^^^^r^SirSS^^bl- .olvmi sitamrlDaa... W»er. appropriate both exact 
S^i^tTIoS^^ r-S?.- rr «pb«l.. th. ^.af th. ^culator 
M « Sl^«ppli«d probln.. Throughoat th. progran calculator, ar. alao .. 
"J S iJS Sd«i«^d«ctl^.l7 to «»d«r«t«id «th«atlcal ="«P=»^J«J«« 
SfarSi for«1 proof. 'Jor ««Bpl*. dcalaror aasily l«d. tn. atud«it. 
to ccmdniie: 



Co«mt« naag. «p»«» la thr^ foonst (» coapater Msiatad iMtructioa; 
f?WrSl«^«ol^ aad C3) ?ASaa. laogoase. Th. eollas* nalntala. • 

iS^cTL'Sallabl. to S p.r=lcip««:.. f^^^^^"! 
^ .^ecT of coBpottt a>slar«d lasttuctiooal prograa. for Illustrating and 
? .C ^i^BBBisMM Thu. prograa. ar. uand both la . daswooa 

^^^r^^^Siairj of th. rldeo display . 

"SI'jS. .Sirs SSlLally at PC'. rh. ^-^J^Z^J"?:. 

"SlSg^tional clarification of concept.. Th... «-«• "JPf 
Jj;r2 d«oB«trat. eoacapc. that b«.fl« fro. co»potar f'^^^J'^ffj^ , 
«Ia ad«- tba cot la th. calcnla. and «»i«Pl-3*^R«P^^"',*^^ ^ 
SJl^att ealculna. AddltlonaUy. probl««.lvlai ta.k. that land 

SS^tP co«p«t« aolntion such a. a«t:«rt»l 5 i^fS. 

.oMag a .yatmr .qnatlon. ta llaaar algebra are dowaatratad after ta. 
pardclpaat has luzned th. concapt la tl tradlcioaal 



^ y.^^^A^^r loop*. «rr«T»i nbrmzim^, mnd man file procMSiag* -5;.-^;~^ 
Is fully 

**************************** ****************************^ 



* 

* 
* 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 



Michael lannone has been actively involved in teaching 
mathematics at the college level for the past nineteen 
years. He holds a B«A. from Trenton State College, a M.S. 

from Clarkson College, and an Ed«D. degree from Rutgers ^ 

University in curriculum and instruction. He 'haf also ^ 

served administratively within his department as Assistant ^ 

Cnair from 1979-1984 and as Chair from 198A-present. Ke ^ 

has also directed two very successful DHE grant programs, ^ 

the "Program to Retrain Teachers in Mathematics** and the ^ 

cooperative pre-college program the college conducts with ^ 

the Trenton School District commonly referved to as the ^ 

'•TRSriTON COLLEGEBOUND PROJECT.** Professor lannone will ^ 

assist in selecting faculty to participate and as a ^ 

consultant for the planning of 'lontent. * 
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PR£S£KTAnON 07 CALCULUS TO RURAL AREAS THROUGH THE USE 0? VID£D*TAP2 



BI 

ROBERT HAIH 

CHAIRMAH, MATEEMAZICS D£?ARTMEI]T 
WESTEBN OREGON STATE COLLEGE 

FROGRAM OVERVEW 

Wsstem Orejaii Svixs College* ia 19S5, besazns pan of the 'THA*Masier nctwo^ 
&r ztoaxsxas teashsn from otixer disdpimes lo teach matbemaixcs. Western's 
special mission was to pxiyvide iuservice tniziinf to teachen who cnizld be 
cossideied rf»gtgwt leanexs doe to the faet that xsaay of them liveo .4 rnial 
areas at a soiSciexu distanw.' inns as isstimtxoa of hi^er edueatxan 10 
preclude participatioa ia rejuiariy schedtiled classes. Svea for chose teachers 
who lived near a college or univsnity canipiis« their schedules axid 
obligatioas often preclude attending reTularly scheduled classes. 

We • proposed m deliveiy ^jstem which features video-taped prsssniatioss. We 
&cused on the calculus past of the ISA-Master pioi^x^un because; 
L Calcnlna has the r^uxaiiaa of being ^^ff^«t>t, 

2. Calcnlui dasna meet aiore often per week thaa the other courses 
req u i re d for - fflsthetaatica certifieasioa* 

3. The content of a typical calculus sequence cannot be readDy 
covered during one or two sununcrs* 

.In snmmaiy, these are the reasons that calculus has often bees*, the 
stnxnbling block far niathrtnatica cetxification and, hence, the r:ason 
for our focus* 

Initially, h was planned to video-tape an on campus calculus course' and utilize 
our Instant'RepUy system. This is a system devised at Wsstem Orsgou, which 
video-tapes on campus classes and disseminates the tapes to approximately 50 
sites throughout the state. The Instant Replay system will be discr^&ed in 
greater depth in the second section. 

-The video-taping of an on campus calculus class proved to be inieaslble due to: 
1. Differences between the THA-Masisr philosophy and our standard 
calculus sequence. 

1 The cost of additional presentations needed to bring our course in 
line vith THA-Moster: 

3. The release time for the staff to do the course dev elopement 

necessaiy was beyond the scope of the ^rant 
Hence a search was initiated for a comtnetcially available ealeulus video- taped 
presentation. Several were considered and the ITV Calculus sequence paduced 
by the Maryland Deptartment of .Education was purchased. The ITV Calculus 
was chosen because of its affinity with the THA-Master philosophy, io 
adaptablity fcr teacher training and its ease of use in the Instani-Replay 
format A student workbook and test booklet accompany the tapes. Thz one 
major drawb' *h to the ITV Calculus is that it is keyed' to Thomas* 'Calculus Text 
which has an engineering - science orentaiion. 

A second difficulty encountered was that, althoufh over 20 stud^nta in the 
summer of 19S5 &:cpressed interest io taking the calculus course by the fall me 
number had dwindled to 11. This reduced the potentxai number of site Iccatxcas 
and the cost effecuveness of the program. 

One of the key dimensions of the THA-Master program, in our opinion, is the 
tutorial sessions built into its format We wished to maintain thi!c dimension in 



cmr desiipu so potemial tmon woe cooxaL.sd at foor sites ia Oreson. Of the 11 
^^ ra tt mentioned above 5 were able to attend at the Salem sitev 4 at the Bend 
site, and 2 students wen to wotit on their own with the help of a local tator. 
The prognm was^ stnctnrsd so that one erening per week the scndents would^ 
meet at a site* yisw the tapes, (Sssnss their problems and help from their 
tutor. They eould view the tapes more fiequentlj if thejr could anange their 
s ch e d u l es appropnately, (Some students ^^"'^tl 30^0 miles to their sites*) 
As the program evolved at the Bend site,, (loeated on the Central Oregon 
Community CasLpus), the tapes were duplicated and the studsnu were able to 
lake them home and pl^ them on their schools' or their own VCRs. This 
became a deiizite phu for these students since th^ were able then to use the 
jxpca m three diffinem ways 

L T'^ introduee a given concept. 

1 To intensively aadj a concept Portions of a taqie could be replayed 
until the concept was mastered. A studem was free to stop the t^ and 
rsfer to a text or the wotkbook or to do pencil and paper woxk and 
then return to the t^ie and rerun it if necessary. 
3. As n JSnal review oT a concepL 
ne studenu woriced individually between meetings utilizing the tapes, 
woridiook, and ealculua texts. The srudenu would also call ^a rh other arul their 
uuar tt tintes to get needed feedbtek. 

The irv Calenlns Is organized hito 7 units iffbxcb are divided into 90 lessons. 
The format is sirucmred so Oat two half hour TV lessons are followed by one 
individualized study lesson. The last lesson in each unit is a test over the 
material of die unit Ihe TV lessons are coordinated with the workbooL The 
workbook provides an outline of the TV lessons, eommeats upon ihe lessons 
ylus examples and exercises. The individualized follow-up lessons aie also in 
the workbook. (See the appendix for sn overview of the lesson content m the 
irv Calculus course.) The stated objectives of the UV Calculus are: 

1« To integrate TV jistruction and classroom instruction, with each 

complementing the other. 

1 To maiiTnire the effectiveness of the 8000*9000 classroom minutes 
students spend in learning caiculus. 

3. To utilize teaching techniques that emphasize visualizatios and 
logical development of concepts and their application. . 

4. To develop skills and ingenuity in problem analysis and problem 
solving. 

5. To interrelate algebra, geometry, trigonometry and differential and 
integral calculus. 

6. To esublish clear, inmitive inicipretaiions of the principal calculus 
concepts. 

7. To convey the spirit and methods of proof of diffetrntial and 
i&uigral calculus. 

The strengths of the ITV-Calculus according to the students were: it was well 
organized, each lesson and each presentation was carefully done, history of 
mathematics was pan of the content, and the visual material was excsUent .-or 
example in discussing the propeniss of a parabola a radio telescope was shown 
and a lathe was used to illustrate surfaces of revolution. Irs weaknesses wzvz 
the conceptual gaps m the presentation, the lack ol possible feedback, and its 
dependence upon the Thomas text 
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The T"'*'^^ were expected to do 2-4 lessons per week. He logistics of keeping 
Ute sittdenu coordinated and moving along at a reasonable rate was the 
resp'^nsibilicy of the site mion. They had tlie flexibiUty of adjusimg the 
iK;hfftlTl^? and paes to snit the students' needs. 

The smdents who participated in the course came from various areas 
thranghom Oregon. Some lived in large communities oi' twenty to one 
hundred thousand population. Othea Uved in smaller conunuaxiies of a few 
hundred at varying distances from large population centers. One student was 
sot .»ble to paiticipaie because he lived in a small community too far away 
from fay mtoiial help. One of the participants teaches m the higJ^- school in 
Prineville, die county seat of Crook county. Ciook county has a population of 
13.000 and a total area of proximately 3,000 sq. mi, its piimaiy mdustnes are 
agriculmre (cattle ranching) and lumber. Prinevilles' populanon U 3,200, and 
the high school has 720 students with 4 mathematics teachers. Some of the 
smderts lire as far away as 55 miles from the school. This participant 
cvs2nnted 40 miles each way to paitidpate in the program. 

Beeanse of the distances to a population center, two students attempted to do 
the program on thdr own with the help of a local mtor. These students were 
unable to complete the fust half of the course. Sght of the lemammg students 
sncessfoUy comr'-sted half of the course; covering differentiaton, ^hcanoss 
of diiTereatiatioa and an introduction to integration. This completes the 
requiremenu for Basic Mathematics certification in Oregon. Three students 
completed the entire course and two have attained Advanced Mathematics 
Certification. These two smdents took courses at another university sucessfully 
competing with engineering and science students in linear algebra and 
probability. 

INSIANritEFLAY 

The Instant Replay system was developed ia 1978 at Westsm (Then O-egon 
Co'lege of Education) to help solve the problem of the distant learKr. The 

zoa*s of the program aj, suted in n..v..tnr,ing Qiad^iaK — li rr-TntllTinnal 

Eiasiamiby Dori Beeks are to: "1) allow students to schedule courses at 
convenient times, 2) provide courses which meet certain requireinenis for 
degrees and teaching certificates, 3) reduce the total cost of educational 
services by reducing the commuting expenses, 4) offer courses which are 
synchronized with regular summer session schedules so that the total ume for 
degree or certification completion is reduced, and 5) offer diese opportunities 
in remote geographic areas of the^ sute to smdents who reside m areas where 
ether programs are not accessible." 

She goes on to state: "Viewing sites for the urgeted group of students are 
established on college campuses, communmity colleges, educational service 
districts, libraries and other conveniently located and well staffed community 
centers throughout the state.... Each center has a coordinator who overse-s 
the equipment ' and schedules viewirg sessions at the convenience oi in. 
student involved at that sits." 

By video-uping live classes the intsracton and feedback which is often pa« of 
the classroom procedures is captured and viewable by the aisunt Isarnsr. This 
hsips to compensate for the fact thai he or she is not physicaUy present. An 
800 tsiephone number is provided and regularly scheduled ofiice nours are 



ERIC 



amnjed for the iasmictoa so that each student can get their questions 
answoed. 

a«3M nates "Each smdeou in addition to viewinf the upas weekly, 
JS^v^^ttS ^oi^onSe ud other pxintsd tnateriali and exammauoas. 

.if M^S^Aftwttch smdem has viewed the tape of a pamcular 
S^,iSse%S^:^«l » t^TcoUege «id used .ir«a. Since ^ 
rfri^Tweo^a occaa after the live tapes ate made. Instant Replay smdsais 
li%e . co™ sndes assigned m. the foUowin, qnancr.- 

Research has shown that Instmt Replay smdents do « XcT^JTS 
f«««Ir»«it. M their on campus counieipans. The major drawback to the 
^Ts^n^T^ coT prodncSS. duplicating and 
SS^the tomncSonal and administrative costs make Instant Replay an 
SLsS: » m-intahL For this reason large enrollment classes are 

the only ones whicb axe cost effective. 

The THA-Mssier cateHus was different from the typical Instant Replay comse 
in sevexal significant wqrs: 

1. Small enrollment, 

2, ..Small gnmp tuoxial sessions, 

i ^^J!^^ ^ upcs Which were reproduced at 

7°^'^^££^t^ fellow the same course outline or compete widi 
the on eampns sndens for. their gxuies. 

PEDAGOGICAL CONSIDERATONS 

Benjamin Bloom sutes in chapter 1 of Srhnnh 5nhr,-^ .IJ'Ll^rilZ 
SS^^Lrn are now many venions of mastery ^.""f « " *^"*?*^,^.a^"S; 
with the notion that most students can attain a i^JfJ* J^r?,^ Le SSi-d 

to Instruction, (see chapter 2 of of Blocks Siiaali-. jn^ J T-t's ikks a 
pedasosicai, stancpomi. 

Prsi 1st us consider the characisnstics of studsnis: 
1 Thsv all had teacher training and expsnence. 

2. tS;? wertmort mature th;n the typical caiculu. siuaent; most w.r. 
m thsir early thiniss. 



- 43 - 



U7 



3. They we« hi*'''^ mmtvateiL ' », u ' i. .u 

4. Thdr r"'^"'""" l^^Vrn. in «;nTn« areas. Although the 
studeau had lome . conuaoa background many of their algebraic and 
eompoutioaal akilU weie beiaf recalled from their pwa high scLiol 
txaiidng ia mathematics or from the mathematics conxses they had 
recently unght. Hence in some skiU areas necessary for sucess in 
calculus they were operuiag at the concrete operational or even ai 
the pre-operational leveL (See PUget's stage-dependent theory of 

The ^^1° WTO chaiacteristics were o£ particular significance. These studenu 
were able to bridge the gap between their skill level and the level necessary 
for sucess ia calculus because of several factors, one of the major ones bemg 
that they were hi^y motivated. 

Fanefl and Farmer hi their book ^y^TrmaTiB Tn^TninTinn ITI MathsTnatics state 
that "the heart of systematic insiructioa is feedback . The operational 
definition of feedback given is "any . " .«?^5 " 

student, verbal or nonverbal, on the results of mstmctira. Feedback m the 
R^Uiy fotmat is a definite problem. It ia difficuU for the distant 
l^S » obtain the feedback when needed even with the 800 «lefhone 
number- available. Feedback for smdents ia calculus is crucial, h should be 
available oa a daily basis. The choice of iasimcuoaal mode is critical in 
deterainins the amoun of feedback which can take place, and ^ TV- 
woikbook fonaa fbr the distant learner does not allow for adeqr«»e feedback. 

Piagefi sttge-faidependent theory of learning suies thi^ learning ^ 
thrJugh iifixafiiinn. and iii\wWm nf Thr Inamcr. ^^^^ j^^,. ^^™°5 
eonclSde: The major implication of the constructs °' "° 
adapution seems to be the need to encourage an a«2m Ifjinff and the need to 
InSvidualize..- Nowhere was it suggested that 'individuahxe' ^V^J^^ 
alone.* In fact. Pugeiian theory presents some strong evidence azauiSl the 
efScacy of 'working alone* as the most profitable way of interacting with 
reality." 

Fansll and Farmer, in discussing planning in diapter 6. Sf on j.o jomt 
that the central task of the teacher is to insure that mnnniTinill IsamiTlS 
place. "Thus, new content becomes meaningful to the extent that it is 
Substantively (nonarbitrarily) related to ideas already existing in the 
cognitive structure of the learner." ■ But meaning is also a fimcuon of the 
ne^ of the student If he perceives that he "needs" to know ±e content of the 
course it endues these concepts with meaning. It is much easier o leam a 
concept if you believe that yon need to know it; you look lor ue-ins with 
concepts and skills you already have mastered. 

Through serendipity, the THA-Master calculus program evolved into » 
which takes into accoum these various aspects of learning theory. To revi-w. 
1. The students were mature and highly motivatrd but lacked some 

2""yst«n\ti?*"lnstnictioii was provided through the ITV Calculus 

Program* , • • j r«« 

3, Feedback and correciive procsdurss must be provicsfl for m a./ 

well conceived learning system. 
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4. The ITV Cilculus program is the Instant Rqplay format waj not 
adequate in providing remediation, feedback or corrective 
proceeduTBS for distant learners. * 

5. Time to achieve mastery xnnst be provided. 

6. For learning to be eiffective the concepts to be learned must be 
meaningfuL This is a function of prior knowledge and motivation. 

Hence the key dimension of the program was the weekly tutorial session, and 
the key to its success were the tutors. The tutors could better be described as 
adjunct faculty. During these sessions the feedback and corrective procedures 
were provided. Erron were pointed out and review and practice of 
prerequisite skills were provided. Typically, the studenu arrived at thesi; 
sessions after a week of frustration, bringing with them lisu of questions both 
from the tapes and the workbook. Frequently they were all having the same or 
i'milMT difficulties. When they were able to overcome these difficulties* they 
gained confidence not only from the knowledge but also from the shared 
experience. They seemed to develop an esprit de corps; thqr acted as a suppon 
group for each other. The tutors wers able to bridge the gap between the 
studenu* background and the content to be mastered. They were also able to 
expand upon the concepu being presented by showing related examples and 
applications. The students were able to provide the necessary time between 
sessions to practice and to interact with the upes. (Some feedback occurred 
through this interaction.) Finally the tutors were able to sooth feelings, 
provide positive strokes, and help restore their high level of motivation for 
the next week*s work. In preparation for the comxning week they were often 
able to anticipate difficulties and to prqiare the smdents for the next lessons. 

Careful selection of tuton is second only to the level of motivation and 
background of the students in determining the success of this progrML The 
four characteristics which seemed to determine whether a tutor would be 
successful were: 

1. Knowledge of the subject mauer, 

2. Teaching experience, 

3. Flexibility and patience, and 

4. Empathy with the problems of the student, not only in terms of the 
content, but also in terms of the distant learner in a strange and 
experimental learning environment. 

Of the four tutors initially chosen one did not get a chance to work in the 
program through no fault of her own, one contributed substantially to the 
failure of one of the independent study students, and the other two were 
preeminently successful, in my opinion. These two had the four 
characteristics listed above. They were able to anticipate the students* 
problems, help them over the rough spots and prepare ihe-a for what they 
were to encounter next 

CONCLUSIONS AND FUTURE DIRECnONS 

An ideal inservice TV program would have the following features: 

1. The tapes would have a branching format where the supplementary 
material would cover remedial concepts and points of common 
difficulty as well as enrichment material. These tapes could be locally 
produced. 

^- A supplemental Tn^Tiual containing material related to the 

supplementary tapes would be provided for the siudents. This manual 



would coataia hrthst szampiss. It should bs tisd to a g sn sral rszL 
Thir could bs sKompIuhed bj provxdins i xabls of canszpxs ksysd to 
sppxopriaio chapter and psgo ixsaber is cuzraxt isxis;:., Imiamsi 
consxdsxazions ia chooarf thesa. xsxa ire that ihsj should hare an 
aecompanyinx nndsnt solntions manual and should afrso with tha 
THA-Mastsr plulospphj. 

3. The tgggy ^hrmltS h» ^ ff^rh ^rg and each smdsnt should bs 

abia to oka laan hoxaa or to hia ssoool in order lo study ibcsi 
inisnsively* 

The above suzyestions in wj opmion would alleviate many of ths currsat 
pxDblsms witb the TSA*Mastsr calculus as tan;^ in the TuCTnm Hsplaj 
Butt ID acmaOj n. ^ it a viable prosxanu it must be expanded to jgeludg mazz 
students &oa wider aut&enees. I believe that then are many adult leaxsexs in 
Oregon and elsewhsxa wiu) would profit £raa this type of learning experience. 
Eow^^ver, the prujtum needs pioniotional wotk as well as the changes cited 
above. Thsxefore* smds should be sought ia the zmure to: 1) produce tee 
supplementaxy tapes including the needed course developesxsnt* 2) produce 
the suppisineBt;tt7 Tnannal, and 3) ^^tnnote the piogxaa. 
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* Dr. &ob«rt Main ^iCtendcd Mosmoutb Colleg« in * 

* Illinols to b«gixi his coll«gt •ducationy but transferred * 

* to Ormg^ State Uni'versity vfaere he pursued a Bachelors * 

* and Msscers in Sdcnee-Educacion, He also attended tvo * 

* suBmer Institutes in Physics at the IJnlversity of * 

* Vashlngcon* Dr. Main received his Fh.D, froo Oregon * 

* St&uA in nathaatics in 1970« Prior to that, he had been * 

* a secondary science , and aatUeiBaties teacher in Vale and * 

* Corvallls, Oregon* He has oeen on the staff at Western * 

* Oregon State College f^x 18 years and has been Chaizman * 

* of the MadicnAtics Department £nr 10 of the last 13 * 

* years • This year Dr. Main is on sabbatical, extending * 

* and df.epening his knowledge In hi', field of geosietry, * 
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PRQGRAMMAT'Tg " ^PECTS OF THA-MASTFff AT LONf: TSLAND nWTVFRSTTY 

1977 - 198<; 
BY 

J^HELDON PASNER 
and 

MADELEINE J. LONG 

All of the mathematics courses are geared towards training the 
participant to become a teacher of secondary mathematics rather 
than a research mathematician* Although the stress in the treatment 
of many areas is different r the mathematical topics covered are 
explored thornughly. The purpose of the program is to train the 
prospective teacher of secondary school mathematics to fully 
understand fundamental and cr4>tical concepts ahd topic areas r and 
how to best present them to high school m«.thematics classes* 
Motivations r pivotal questions and practical applications 
(especially those that would be of interest to a high school 
student) are an integral part oi: the curriculum. Instructors seek 
to have students understand a topic in relationship to its place in 
the New York State high school mathematics curriculum and to 
consider some of the following ec^ucational factors: 

- the overall philosophy of the "new" New York State three 
year sequential math curriculum 

- the proper sequence of topics to be taught in any given 
one-year course 

- the relative importance of any given topi^ in relation 
to the (F'hole course 
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Even though the calculus is not a required high school subject, 
a thorough study of it by the THA-MASTER stuZ-nts enables them to 
understand tne structure and power of mathematics. In addition, it 
serves to reinforce and sharpen algebraic skills and geometric 
knowledge, to fulfill the Hew York State course requirements and 
provide the student with the mathematical background and skills 
necessary to pass tha New York City secondary school mathematics 
license exam. Interestingly, THA-MASTER required the Calculus as 
early as 1977, while New York State did not require it fot 
certification until 1980. 

Method of Tngj-rngj^ion 

A separate lecture and workshop composed of instruction given by 
two different instructors, a college professor and an outstanding 
high school mathematics teacher, has met with a great degree of 
success. Lecture and workshop can be characterized as follows: 

A, Lecture Session - 2 hours, in fiA Qsions per rourse 

- the instructor introduces part of a new topic 

- theory is explained and proofs of certain mathematical 
theorems are derived 

- model and illustrative examples are given and explained -text 
readings and homework examples are assigned 

- applications to other disciplines are discussed 

B, ;7or^cshQP Session - ^ hou rs per Course 

- new work previously taught is reexamined 

- topics are explained from a non-theoretical viev^point - 
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a "plain English" simplified explanation is given with 
illustrative examples 

- alternate methods of solution are encouraged 

« large degree of student participation Is evident -algebraic 
skills are stressed along with increasing the 
student's mathematical knowledge 

- suggested techniques and exeunples to use for motivating 
a high school mathematics class are given 

• extra problems are given and explained in class 

- reinforcement of previous topics is cn integral part of 

each session. At all times the student maintains awareness of 
the concept and its relation to a topic area. 

Courses 

Refresher Math lAlgebra and Geometry) 
Survey of Mathematics (Pre-Calculus) 

Applied Calculus I (Differential Calculus) Applied Calculus II 
(Integral Calculus) Introduction to Modern Ma'ihematics 
Selected Topics in Modern Math for the 
Secondar}^ School Teacher 
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Com parison Qf TOA-^HACTER Calc ulus and the Traditional Course 

The major topic areas of both the differential and integral 
calculus are taught in detail in the THA-MASTER* Emphasis is given 
tovards student mastery of corcepts basic to the calculus -such as 
the concept of a limit* Even though proofs of some theorems are 
de--emphasizedr the statements and applications of all theorems are 
stressed r a logical consequence of TEA-KASTER, whi^h stresses the 
training of teachers of mathematics f not research mathematicians, 
rime is also spent on the mechanics (algebraic techniques) of 
differentiation and integration since thesa techniques carry over 
to topics taught in secondary school mathematics. Topics related to 
more aavanced and specific scientific applications of the calculus 
(moment and center of massr^workr fluid pressure^ , specialized 
techniques of integration (partial fractions # trigonometric 
substitutions, •) and those geared towards more advanced study of 
mathematics (hyperbolic functions r polar coordinates and vector 
calculus) are not covered in detail due to ]ack of time in the 
syllabus. Excjnples of these are the topics ot infinite series and 
differential equations. Throughout TEA-MASTER courses "real life" 
examples from fields such as biology r business^ ecology ^ economics ^ 
educational psychology r medicine and the social sciences are given 
and investigated by the methods of the calculus. 

A detailed topic breakdown listing topics covered by a calculus 
"math major" course and THA-^IASTER course at Long Island University 
is contained in th^ appendix. 
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Appendix 
Calculus Topic* 



Xopie 



2) Tbm rata of Changs of a fnnetioa 

a) Slopas and aquatlona of a scraight Una 

b) Axpctiona and grapha 

e) fiajs of canbixiisg fnaerions 
d) JLvaxaga xaca of cfaang a 

.2) T'i»ii4f and Contlaalcy 

a) Ihaoratlcal dafialtioD o^ a lialt (tha 
"apalloa dalea** dsflaitioa) 
Ihaorans about lialrs 
Zialta and Infinity 
Caatintlty 

fiaxivativa of a fanetioB 



Cdver^d is Hash 
Uajor Coursa 



Covered in 
IHA-M&S7ZR 



3) 



A)- 



3) 



b) 
c) 
d) 
a) 

Saxi'vatlTBS of algafinie ftmedona 

a) Tacfaaiqaaa of diffarcaelacioa 

b) Coapealta Amedeaa.aBd chain mla 
e) Invazaa dhnictloBa ^ 

d) lapUdt diffarantiarlon 

ipnlieatlaiui of tha dexivativa 

a) Tneraasiai and dacraasini f m e t iona 

bji Iztroa -valvaa 

Iba saeend derlvati'va 
Cam skateb±ng 

gj i mlTilTiia; thaoxy 
and silniaa: pxobleaa 



e) 
d) 
a) 

f) 
S) 

h) 



Solla's thaoraa and s^an valua theorsxa 
langaat Una approxinacions and tha 
differential 
Salatad rata problems 



i) 

IntegratioD 

a) Aaziderivarlvas the indefinite Ints^ral 

b) Tntcsratiaa by subatltutioa 

e) The area under a curve 

d) Cosputatloa of areas aa liaits 
a) Tha fimdanental theorra of intgral 
calculus 

f ) The trapezoidal rule 

o) Methods of integration 



a) 

b) 
c) 
d) 
e) 
f) 

S> 
h) 



Basle f omulas 
lacegratioa by psrts 

lategratioxk'by partial 

Special integrals td-th-i/a'-u^.^a't-u*, at:. 
Integrals xrt-th .aX + bX+c 
Triganoiaetric integrals (and derivatives) 
Irigobomesric substitutions 
lapreper integrals 



7) Applications of the definite integral 
a) Area between two curves 



Z 

Z 

(proven) 



Z 
Z 

z 
z 
z 



(not proven) 
1 
Z 

z 



z 
z 



z 
z 

z 
z 

z 
z 
z 



z 
z 
z 



X 

z 

z 

z 

X 
X 

X 
X 
X 
X 
X 

z 
z 



X 
X 
X 

z 
z 



z 
z 
z 



z 
z 
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Mjor cotirs« 



Covsrsd la 



b) Volnu of soli4 of rovolucion 

e) Leascb of m plus enrrt 

d) Aru of a surf act of rirroltition 

•) Avsraf • vaIuo of a ftmetioa 

f) II MOM mi ec&csr of sass 
s) HTdrosratie iprmMmtm 

b) 0ozk 



8) 



Tmaeandoatal functioaa 

a) TrifssflMtzie funetioaa 

b) Zamna trigoaaaatrie fnctioaa 

e) Iha aatixral logarithm 

d) 2>arliraclva of Ia Z 

a) Propartias aad grapb of Za Z 

f) Iha aagioaaacial faaetioaa 

t) fiarivmci^va aad iaragrals o expooearial 
foaetiaaa 

b) Applicatloaa of tha azpoaeatial fuacrioas 

9) Tuaczioaa of F^vsral variabla 

a) Parri&l dsrlvatlvaa 

b) Sxcreaa v^iluiia 

e) Iha diracrlonal derivatiTa 

10) Mnlcipla latagrala 

a) Boobla aad tripla iacagrala 

b) Cjliadrleal eoordiaataa 
o) Shperlcal coordiaaraa 

* d) Snrfaea 



II} BTparbolie ?taiecioaa 

a) !>afialtioaa and idaarltiaa 

b) Darinclvaa and iarasrala 

Polair Coordisacaa 

a) Polar eoordlnara aystea 

b) Polar aquations of conies aad other curves 

13) Vactors and paraaetrie aquations 

a) Paraaatric aquations in kinematics 

b) Space coordixiates 

c) Sector caoq)onants 

d) Vectors ia space 

e) Scalar aad vector products 

f ) Vector fuaetions and derivatives 
s) Vector aa^ysia 

h) Svirface aad Una iate^als 

14) Infinite Series 

a) Covergent and divergent series tests 

b) Power series expxnsioD of functions 

c) laylor and HcClavria series 

d) Alternating aeries 

> 

15) Dlf£sren=ial Equasions 

a) First-order equa:ions with variable 
separable 

b) First order honcpeneous equations 

c) Sresial cvpss of second-order equations 



X 
X 
X 
X 
X 
X 
X 

X 

X 

X 

X 

X 

2 

X 



z 
z 
z 
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z 
z 
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z 
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z 
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X 
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X 

X 
X 
X 
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z 
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z 
z 
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z 
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* Dr. Madftleist J.^ Long !■ tht Director of the Insdtuta 

* for Advancesitnt of HAtbeaaties and Sderce in the University * 

* School of Arte and Scicncea at Long laland University. She * 

* is also the Executive Project Director of IBAr-MASTEE aa well * 

* aa the director of two National Science Foundation progruna * 

* for elementary am! middle school teachers in matheaatica and * 

* science. It was her dram and vision vhich enabled development * 

* of TEifVASTEUlf the nation's first formal retraining program* from * 

* a progra vhich served Nev Yoxk City alone to one vhich is * 

* currently offered in all paztM of the United States. * 



* Dr. Long received her B.A. from Queens College* M.S. from 

* Harvard University and Zd.D. from ColianblLt University. She 

* headed the Division of Education at Long Island University's 

* Brooklyn Campus for fifteen years » a poaition she left to accept 

* directorship of the Uathematica and Science Institute in 1983. * 

* Dr. Long haa regularly presented papers at meetings of the 

* National Council of Teachers of Uathematica and the National 

* Science Teachers Association n vrU as at organizations lilce 

* the American Chemical Sociecy* the American Education Research 

* Association, the American Aasociacion of Higher Education, the 

* Araociation of Teacher Educators and the American Aasociation of 

* Colleges of Teacher Education. She ia on the editorial board. 

* of the Journal of College Science Teaching, a member of the 

* New York State Adviaozy Council for Bxcellenoe and Equity 

* for Vomen and Minorities in M;":hcmatica and Science and haa 

* served as a .eonatJ.tant to uni\ersities, school districts and 

* state boarda for mathematica and science. Hnr publications 

* range from literature to philo ophy, to teacher education, to 

* mathematics and science education. 



^ Sheldon E. Pasner has been an Adjunct Associate Professor • * 

^ of Mathematics ac the Institute for iLie Advance isnt of Mathematics * 

^ and Scienct for the past five years. In this capacity he has * 

taught Refresher Mathematics and haa been a workshop leader and * 

* instructor in other courses in TBA-MASIER. He has also taught a * 
vide variety of cot^uter courses at Long Island University for * 

* element:ary and secondary school teachers, supervisors and adminis* * 
trators. He has been a teacher of mathemadca and con^uter * 

* science at Brooklyn Technical High School since 1961 and has served * 
as A.isistant Chairman with the responsibility of sunervising twelve * 

* clashes in an experimental mathematics and coa^uter science program. * 

* In his capacity as Curriculum Coordinator for the Coiz^rehensive * 

* Mathematics and Science Program at Cooper Union School of Engineering, * 

* he has galr'^d considerable expe;..ience in the writing and preparation * 

* of curriculum materials for all grade levels. * 

* * 

************************************* A*************fr******************* 
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WDMES IN MATHIMATICS; SUCCESS TO RETRAINING 



B7 

ROSE UASIE SHm 

CHAIRUCMAR, DEPARIMENT OF KAIHEMAnCS 
COMPUTER SCIENCE AND FHZSICS 
TEXAS WQtlUI*S UNIVERSnT 



Ter^9 is in severe economic trouble. Texas is 
exporting population for the first time in the 150-year 
history of the state* Texas does not play the role of poor 
vith g race » We began our project as a site for the 
TH&-H&STER Programs before disaster hit, in the summer of 
198S« 

The a^^irst class convened during August vith thirteen 
intense students. I taught the first class because Z wanted 
to become acquainted vith thece studenla. They were cur 
first investment in this Project* 

One student did not siurvive. This student did come 
back in the fall; she tried again and made it. Today sh is 
still vor)cing on certification in mathem^itics. I believe 
she vill be successfial^ 

The other tvelve students made an A or 3. They were 
hooked. They had always had an interest in mathematics and 
now^ wanted to teach mathematics. They had never been in a 
position to learn mathematics. There were two men and 
eleven women in this first group. They all had 
certification and were teaching / but none of them was 
teaching mathematics. Lynetta Colei who is here vith me at 
this conference/ was part of this first group. 

During the fall of 1985/ we had our second coui^e. 
These students had never had a course in trigonometrj*. Or, 
if they had/ it had been so long ago that they did not 
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reonember much 3f the material. We used the Survey of 
Mathematics IX to learn about trigonometry* There were 
tventy*tt/o students in this class. There vere tvo men and 
there vere two blacK vomen. Three of these four persons 
dropped the class. One of the men stayed and has completed 
the program. I have not had success in working with 
minorities* have a good record of vor}cing vith^ 
minorities at TWUr but ve vere not able to capitalize on 
that here. One of the tvo black voznen returned and vorked 
very hard in later coursevork to Team mathematics. We 
vorked very hard together, but ve did not have success. We 
have much to learn here if reclaiming adult minority persons 
into teaching mathematics is to be successful. 

The spring of 1986 brought us to the first semester of 
introductory calculus. The students faced this task vith 
fear and trepidation. They had an excellent teacher. Tne 
faculty in the program are eminently qualified to teach 
mathematics and, equally important, are su ^ssful teachers. 
Tvo students, both vomen, dropped. Both came back later and 
vere successful. The other students finished vith good 
understanding and appreciation for the material. 

Tfhm first: session of the stmmier of 1986 gave these 
participants the opportunity to try the second semester of 
introductory calculus. They vere quite steong by this time. 
Their self image vas growing. They could viev themselves 
doing mathematics at this level. One of these students vas 
a voman who had had her first baby during the fall semester, 
had taken the first semester of the calculus during the 
spring semester and vas nov rejoining her colleagues in the 
program. All finished vith flying colors. None vas lost 
from this class. 

The second half of the first session vas spent vith 
Topics in Mathematics. The teacher realized hov hard they 
had vorked in the previoxis course. The students learned the 
topics here, and spent some time thinking and preparing 
materials to present these topics to their future students. 

The first psurt of the second summer session, the 
students continued on to the History of Mathematics. Again, 
they vere successful. The second course vas in Modern 
Geometry. I taught this course because I vanted to teach in 
the program. Also, I am very partial to Geometry. By the 
end of the course, my students shared my love of -the 
subject. They vill be good geometry teachers. 
The grant vas concluded • The students needed one more 
course to complete certification. Statistical Methods vas 
offered during the fall of 1986 on Thursday evenings. They 
are enrolled now, and win comolete this course in December, 
1986. 
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Soxns of them vill be continuing to work on a Master's 
degree in znathenatics* They vill need to take a coiirse in 
linear algebra to complete the prerequisites for the Master 
of Science degree in Science Education* Some ot them may 
choose to do some jnore advanced work in mathematics/ so they 
can complete a Master of Science degree* For some# the vorK 
will come nowi for others, later, but the door is open* 
Twenty-three students vere helped with this project* 

The Department of Mathematics, Computer Science and 
Physics at Texas Woman *s University has a long history of 
developing mathematics teachers* I vas a product of the 
National Science Foundation Institutes for public school 
mathematics teachers and bhen later, an NSF program for 
college mathematics teachers, both of which were conducted 
diulng the sixties* Dr* Harlan Hillr^r, then chairwoman of 
the Department of mathematics at TW:/, vas the director of 
the Institutes at TWD* The impact of these experiences on 
my life and career csmnot be measurisd* I can identify with 
each of the twenty-thr<se students who worked in our project* 

Dr* Miller received her Fh*D in Mathematics in 1942 
from the University of Tens as a student of R* L* Moore* 
She came to North Texas State Universi^ as a member of the 
Mathemald.ee f acul*^.* She vrs told that she might not be 
able to keep her job when the men came home after the war* 
So, she left North Texas and came to 7WU« She served as a 
faculty member and as chairwoman of the Department of 
mathematics at TWD until 1968 when she retired* She was 
capable of dcing research in Mathematics, but teaching was 
the love of her life* Some of the faculty who worked with 
her taught in our project* She has left an important legacy 
for today* 

1 a have just completed azxother grant at TWO in which we 
were able to give stii>ends to the involved students* This 
is the first time we have been able to do this since the NSF 
Institutes disappeared in the early seventies • This kind of 
monetary suoport is important if we are to reclaim competent 
people as teachers of mathematics. The resources for the 
reclairing project are women who will do the coxirseirork 
necessary to learn mathematics on a psurt-time basis. 
These women are a resource available to us but we must 
proceed with caution. They have been told all of their 
lives that, as vomen^ they are unable to join^ and unwelcome 
for inclusion into the world of mathematics. They must hear 
another message and that message must be loud and clf.ar. 

In an article entitled "Working Mothers Raise Better 
Students'* in the Denton-Record Chronicle for August 26^ 
1986^ four researchers from Ohio# who presented their 
findings to the American Psychological Association in 
Washington, reported the following; 
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o Children of woricing mothers tend to do better in 
school, are absent for fever days and have better 
c^unications s)cill8, than chixdren vhose mothers are m 
the home during the day) 

o woman who have jobs outside the h==>.es J^^^^J^^^^y 
to be confident they are good mothe-s, and their children 
report better relationships vith thwai 

o overall, the child benefits vhen the mother works » 

o All significant differences in social and academic 
criteria favored children of employed mothers) 

o 7am -traditional" American family — with the father as 
sole SJadwSner and the mother a full-time hoinemalcer--is- 
SScomSSa rarity. By the year ^"^^ 
households in America vill live in thi family pattern. 

This icind of hard research data is showing the increase 
^« t-hi BteLllfi of parenting of the woricing woman. Certainly 
^^pj^5 parSSSg skills of the husband of the working 
wSaTirSSS Sated he?e. Notice the men ^^J^J? /"^^^^^ 
c^dren to childcare centers these days. Notice the women 
Sd meTin the grocery store in the f ?4^,!^*iV- 
SSldren in tow! Something is changing in =°SHy: 
lut peSie in the world of mathematics are not keeping in 
touch. I could cite three examples. 

My first story concerns" a meeting I attended about two 
weeks aoo. we had been working together for acout a 
?:«!a^d-;-ha3. Normally, there were representatives from 

industry vith us, but this vas a ^J^fff^^JJ 
science curriculum. All academic types. Usually, ^nere 
vSJ j^ cSlege representatives, today, there was only 
OM jiiior colleg! representative, and he came late. 

Normally, for computer science curriculum discussions, 
the representatives wolild reflect an engineering background, 
a Sa"Sma?ics and science background, of,^. ^^"^J^^.^ 
background. On this day, however, the fifteen people all 
came from an engineering background. 

Thus, the peoDle in the room when I arrived ware 
adninSt?;to2 IJom engineering. One was an --ciate dean, 
instrumentF.l in the development and building of a RODOti>.s 
Institute which has impressive economic ^^=^53;"".-^,. 
industry in the metroplex area. This aean ^'^^^fj^^^i^, ^° 
cause an influential group of women, aasad in Austin but 
Sth contacts throughout the state, to consider ways in 
:ilch'gir?rian be Incouraged to gudy mathe™ and 
science.'- The idea has spread in the group ^^^IZ-^-^""-" 
aood suDaort and commttment. There sterns to oe an 
iinderstknding- of the difficulty of tne task. These are 
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vonr^ vhOf for thm most part, have successfully avoided 
mathamatics and scienca in their ovn lives # but they 
realized the growing iinportance of mathematics and science 
in the lives of our next several generations # and are 
creatively developing strategy to proceed* 

As Z valked into the room with my fifteen male 
colleagues/ Z said hello to most .2 them, for ve knev each 
other* Z introduced myself, to tlie fev nev faces* Two of 
the mtm had received promotions since last ve met* A ''Hail/ 
fellows" attitude prevails* The boys and I arranged 
ourselves aroxmd. the table* We had each brought a large set 
of materials vith us* We had a bureaucratic task in front 
of us* Our entire assignment was an outgrowth of the 
Hayor's Task Force on Technology* The Fort Worth->Dallas 
area is desperately grasping to become successful in the 
technology marketplace* Certainly, the potential exists in 
this exciting part of America* 

As we settled into our work/ one of siy friends comments 
that there was only one restroom for women in this building* 
We normally had met in the student union building , but today 
ve were lu a seminar room in the engineering building* He 
continued to say that the secretaries needed a ladies* room 
and he had helped them draft a manifesto to secure one* The 
request had be^ granted* The result was that a new. sign 
had been hung on the door of one of the restrooms down the 
hall* He laughed, and fiu±her commented that no plumbing 
changes had been ordered* He announced, with glee, "the 
urinals remained!" 

As he made these abstird statements, the other men began 
ioining in the ridiculous comments* I could only stare at 
my colleagues with disbelief. The leader's final parting 
shot was I "If women are going to come into engineering, 
they will Just have to realize that this is a man's world." 

Shortly, the foolishness concluded. We then proceeded 
to our tasks and spent a productive two hours engaging one 
another in interesting and challenging conversation 
concerning the first two years of study in an vmdergraduate 
degree in computer science. The role of mathematics in the 
study of computer science was discussed. 

As we broke for lunch, I asked, "C^n one of you show me 
where the restroom is?" They all laughed! 

This is not a funny story. The men in this story were 
open with their uncomf ortableness at my presence. The woman 
in the engineering setting causes turmoil. The great white 
m-le is threatened. We must deal vith this if we want women 
aud minorities in mathematics. Scenarios such as I have 
described are playing out all over the country vith very 
you-ng women, and with women older than me. 
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My second exaznpls iff about a student I passed in the 
hall« "Do you )aiov who is teaching Elementary Analysis I in 
the spring #" she asked vith a desperate look on her face* I 
heard her question before I noticed her* As I looked at 
her# I recalled vhy I knev her* She had cosie to my office 
to complain about one of our gradxaate teaching assistants 
vho is her teacher this semester* We had talked a long 
tine* "You know siy needs," she continued* I recognized the 
plea on her face* "I*m not stare yet of class assignu^ents 
"^or Spring#* I quickly replied* "Let*B talk again aLoser 
uo registration* I'll help you rind a good situation," I 
promised* Her face relaxed a little and she valked av-/« I 
filed her name and face avay in my mind so Z would re-Aem.ber 
to help her* She vants to learn some mathematics r but she 
has little backgroxmd* She deserves a chance* She carries 
a heavy burden* She represents many vomen* ^ I viu help 
her, but can she hang on to learn the material she has been 
denied? 

My last story concerns a woman who was sitting in a 
dtiair outside xny office do^r* A Hispanic woman about 
forty-five years old* She vas in extreme distress* She was 
taking a cos^uter literacy class* hlxm is currently working 
on a degree in elementary education* Her teacher was a 
woman from India vith a Fh*Z> in Computer Science* Olivia 
told me of her distress* Her voice rose as she came very 
dose to tears* She felt her grades were vexy poor and was 
afraid she would fail* She did not need this threat* Going 
to college was important to her and her continuance and 
tsventual success was important for many reasons* ^le has 
had very little experience with quantifying situations* ^^he 
had to feel that Z understood her distress before we could 
begin to discuss her problem* Two days later # there vas a 
note in xny box; "TJianks for listening to my woes*" 

Would my engineer ^colleagaes have understood the needs 
of this middle-aged Hispanic woman? Could they, or would 
they, have helped? My guess is NO, They believe that the 
student who needs care is capable only of second-rate 
curriculum* They don*t xinderstand that needing support to 
succeed id not being weak* They haven't been to the well* 
The humar resources are all around us, but the stage must be 
properly set* Dr* Harlan Miller, my mentor, understood 
this* She expected more from me than I knew I had to give* 
I produced for her in a vay that was impossible to do 
without her* We never discussed this» but she knew and I 
knew. I weald have quiu many a time, except for her* I owe 
her* My debt to her can only be paid by reinvesting* 

In the report of the National Science Board Task 
Comnittee on Undergraduate Science and Engineering 
Education^ March 1986, the following comments appear: 
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"The Nation is not beiiig adequjitely served by current 
efforts to increase the niiober of women axid minorities in 
the science and engineering vorkrforca. Unless these efforts, 
are maintained vhere they are effective and intezisif ied 
vhere they are not# the nation vill continue to depriv 
itself of an important source of :?uture scientists anc 
engineers to offset the "decline in total number of nev. 
entnmts expected between now and 

There is i glimmer of hope in this statement • Clearly^ 
some efforts art successfta. Will the National Science 
Board be perceptive enough to seek out these abilities? I 
hop^ so* 

There are other signposts; On the cover of Electronic 
Learning for Sept. 19^# there were pictures of fo^tr 
executives from IBM# Tandy^ Commodore 2Uid Apple 
Corporations. In the accompanying article, these four are 
described as "compiex# ulear-thinlcing^ tough; savage," 

Betsy Pace, 32# is the manager for K-12 educational 
Marketing for Apple. She is further described as 
intelligent, v.lear-thin]cing, realistic # sincere , and 
thoroxxgh reflecting the ynuth-oriented# serious r analytical 
approach of the timv wave of Apple executives* Except for 
"sincere* you might not notice Pace's first name is Betsy* 

An article in The Chronicle of Higher 5dueation > 
August S, I98d# comments that the appearance of the I)a*<rid 
Report has helped persuade Congress to provide the rield of 
mathematics vith relatively impressive increases in support ^ 
which have exceeded 10 percent annually since fiscal I984« 

The panel recommended that mathematicians greatly 
step" up efforts to increase public avareness of fundamental 

.thematics and its importamce. Kenneth Hoffmsn, professor 
of mathematics at the Massachusetts Institute of Technology/ 
served as executive director of the David panel and has 
started a project to increase public avareness by ma)cing 
mathematicians more available to the press* 

He urges that Mathematicians publicize meetings, 
promote greater coverage of mathenaric*: the news media 
and suggests that mathematicians at universities spend tints 
educating the public about mathematics* 

Hoffman states that ve have just entered an era in 
mathematics that is ^oing to defy anything the vorld has^ 
ever seen* Thatr coupled vith the computer r«*volution/ is 
going to make the next 20 years something to see* xt is 
Important that this society be ready to participate* 

I vould submit that the role of vomen and minorities in 
mathematics and science can/ similarly/ publici2.ed vith 
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*E '°'.°«f aation. Women have left the classroom 

5??,*J!!^ "f! They vill be needed anrt ainoriSM 

vlll be needed if thi. country is to participate, ImS less 
take, a leadership role, in this iinportant deSelo^M? 

p-^^i^^i^^v"*""* «»5P?iH^ article in the SclleoeBoard 
ISiSK f-sr the sunnner of 1986 entitled "StrBsa Points in 
^*choo^. ard College Mathematics, - he mentioned that the first 
point of stress vas the sad fact that most of the 
« ^hematics taught in United states colleges and 
Uiijmrsities wa. really high school mathematics. His second 
cwment yas on the need to add newly-important parts of 
mathematics to an already ovesr-f iUed ciicriculun, Tliis 
second strKsm point cane mainly from the public to add 
courses in computing, 

4-.«u^?*5''*.**f"** raised* "Should ve continue to 

'caaeii students to carrv aist bv maney »t.>4 T»i«^4 1 

calculations that computers CM^nw do muS^bSit^^-^teen 
discussed vhat he cTalls three curricular gyroscopes, 
teachers, textbooA;s and tests. He spoke of a particular, 
and serious stress imposed by each of these. His outcam4 is 
exciting and appropriate* -cbhi. 

We must find a better vay to educate 
studMts x'M leave mathematics at an 
early stage of the curriculum, although 
not at an early age« 

They need to be taught in a vay that viii 
build confidence in their own abilities 
to ask the right questions and to be 
skeptical of disingenuous answers. 

I would submit that another subtle but powerful point 
Of stress has been the evaporation of women as a s'>:eady 
source of good i^athematics teachers for our public schools. 
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Woaen have left the classroom, but they are returning. Thpv 
must have orcentives to stay. 

In the conclusion of his article, St&en spoke of the 
estaalishment of the Mathematics Science Education Board. 
Srorly Hill of the University of Missouri at Kmsas city 
will chair the MSEB which win be charged to provide a 
continjixng nacaonal capability for overview and assessment 
of mathematacal sciences education. 

Professor Shirley Hill repress.- '^s a woman respected by 
the science community. Her prestigious posi-ion on this 
board recognized publicly the importance of women in the 
solving of the national problems related to mathematics 
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The aathematidB curriculum is in disarray in Texas* 
Coupled vilih the severe econoxnic probli^ms facing the sta'te 
turn sti-ess on Texaa puBlie school teasers is e:;1:reffls« We 
need a model public school ma\:hena1dcs curriculimi in Texas* 
We have vell^meaning Trnthrnatiea teacAiers teaching Informal 
Geometry and Computer Mathuatics on the ^ne Jtand# v7aile on 
the othcu: hand staff members of the Texas Education Agency 
are Triable to tell these teachers If specific course 
content they are teaching during ?iny given veek is 
appropriate* 

We must retain th^ vomen and men ve have in tha 
mathematics classrooms today* We must send the message to 
them that they are needed # that thi^ can receive the help 
they need to do a better job vitl each group of students 
they teach* 

We must formulate a curriculum that viii pzBpBxe the 
college-bound stxulent and the studemt vho goes into the 
marketplace* 

The "Program to Prepare Teachers of Mathematics" at TWa 
and the other sites around th& countzy vr / a good beginning* 
Tvenl^-three mathematics teachers received this Icind of 
support with a $15<.100 investment from FIFS£, leadership 
support from Br* Long, in->)cind contributions from TWU# and 
exciting dassruom interaction vith competent faculty and 
dedicated students* 

This vas s project we vere proud to be a part of smd 
have high hopes that other related c ^portiinities will be 
available* 

a * 

* it 

* A native of Beaumont, Texas, Dr. Rose Marie Smith completed * 

* a B.S. in Music at Lamar University, an M.A. in Mathematics at the * 

* Texas Woman's University, and an Ed.D. in Higher Education with * 

* Mathematics Specllizarion at Oklahoma State University* * 

* * 
^ She has been on the mathematics faculty at T.W.U. since 1967 and ^ 

^ is currently serving as the Chairwoman cf the Department of Mathematics, ^ 

^ Computer Science and Physics* She has directed the Honors Program ^ 

^ and served as Associate Vice President for Academic Affairs ^ 

^ previous*^ at T.K.U. ^ 

* She was the site director for "A Program to Prepare Teachers 

* of Mathematics" at T.W.U. from 1985-86. * 
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iNTRODUCTIOiN 

Concern over the shortage of science teachers, especial i!y those in physical 
sciences, has been expressed in many forums. Various re:ru1tment techniques to 
fill thin ranks have been proposed. Long term solutions have adoressed ways to 
enhance the desirability of science teaching as a career to be considered by 
today*s youth* Short term solutions have addressed ways to attract current 
professionals Into the science classroom. 

Two divergent methods have been suggested to recruit these professionals. One 
method Is to attract Individuals with science/engineering backgrounds to step into 
the classroom. Some proposals have Involved tenporary« visiting assignments by 
scientist/engineers to aid current teachers, or teach part«t1me critical courses 
such as physics or calculus. Other proposals have aimed at recruiting 
scientists/engineers who are retired or near«ret1rement to consider a 
"second-tareer* as a science teacher. However, these proposals face the problem of 
restraining these professionals to have adequate knowledge and skills for the 
educational environment In the secondary science classroom. 

The second method has lookeH at retraining current teu * :rs from ether 
disciplines into teaching in the sciences. The criticism or this method has been 
based on the assumption that retraining these teachers to gain adequate knowleoge 
of the content and skills of physical science would be very difficult and tha' they 
would not develop an enthusiasm and love for the discip**ine because of their n 
"anxieties" about learning physics. However, these teachers have experienct o 
the prerequisite draining In teaching in the education environment at the secondary 
level. 



PROGRAM PHILOSOPHY 

This paper presents a strategy that attempts to overcome the criticisms of 
second method and successfully retrain teachers from other disciplines to be able 
to teach physics and physical sciences in the seconaary classroom. To oo this» a 
phUosophy was adopted that the process of teaching the content ano problem solving 
skills exempllfieo in physics to these teachers shoulo be a mooel for them to use 
in teaching, 1,e, to teach as they were taught. Recognizing their potential 
anxieties ano "fear of physics'*, this mooel hao to aoore»s ways to overcome 
pre^existirg misconceptions and alleviate anxiety while oringing comprehension of 
physical science to an aaequate level for them to step into the classroom wv.n 
confidence and enthusiasm. Master high school physics teachers were included on 
the staff to provioe effective teaching mooels for the nigh school classroom. Tt 
physics content covered the traditional subdiscipllnes. However, processes for 
analysing Inf mation ano gaining insight mtc a content area were empnasizea, so 
that these t^ .hers would feel confident at moving into new areas on their own, 
rather than teach "^rote Infcr^nation'' from a text. In adoltion, the courses were to 
be offered over a fifteen month period, allowing participants to continue in full 
time emoloyment while comoleting 20*23 creoits (ouarters). 



N££D:i ASSESSMENT 



Need for this program was assessed in a step-wise process, initially d survey 
questionaire was se'-* to the aoministrators at 220 senior high and (85 junior high 
schools through out uolorado. Approximately IIS (43) of tne forms were returnea. 
These 43 responaents estimated that in their districts approximately 25 teacners 
were assigned to teach ph/sics or physical science with less tnan one-year of 
college physics preparation, and approximately 60 teachers would benefit from 
participation in this program. Incentives or rewaras for a teacher to participate 
in the program identified by these administrators were: salary increments (40i), 
job fecurity {335J) recognition self-satisfaction ano better uncerstanoing of 

physics {9S). 

These aoministrators indicated that 23S of the districts woulo oe willing to 
airf in retraining through stipenas, released time, etc, ano estimated that 
approximately <t3 teachers woulo be willing to participate and proviaeo 40 names ot 
potential participants. 

For logistic rtascns, the first offering of this program was focussed on the 
high-population density Front-range area centered around Denver, The next step in 
assessing neeos was to seno brochures to all names suggesteo by responaents to the 
survey, to all school districts in the Front-range, to names on mailing lists of 
science teachers in the Denver area, and to moiviouals requesting information 
about the program. From these brochures, we received 77 requests for application 
materials (31 female, 46 male). Ue screened the applications to oetermine the 
number who had the required minimum math and science backgrounds, but who did not 
have extensive preparation in physics. Twenty-eight participants (11 feiudls, 17 
male) were ^^ccepted into the program. 

PARTICTPANT PROFILES 

The background of the participants was varied, thougn oommatec by 15 
individuals ha/ing majoreo in Biology. Other unoergraduate majors represented 
were: 1 home econoirics, 1 physical eoucation, 1 inaustrial arts, 1 pnysicai 
ceography, 1 earth science, 2 .mathematics, 2 science education, 2 cnemistry, ano 2 
physical science. The 4 in physical science ano chemistry petitioneo to be 
included even though they had previous preparation in physics. All four hau 
rsceiveo their aegrees over twenty-years ago ana aesireo a "retresner". The otiier 
25 participants averaged 5 semester creaits in physics preparation, comoareo to an 
average of ^8 semester credits in biology, 13 semester creoits in cnermstry, uno .1 
semester credits in earth science. Fourteen ot the participants hao matn 
preoaration through at least introauctory calculus, 11 otners haa at least college 
algeora, and 3 technical or general introductory math. 

This data collectively aemonstratea tne neeo for a retraining program. In 
oarticular, there seems to be a caare of biological science teacners interestefl m 
moving into pnysical science *;eacning. 

:l'Rriculum 

The first course in the program is a oreoaratury course. T^is course reviews 
some-oasic alaeora and tngonomstnc manipulation, tnen enionasizes ouantuative 
crcDlem solving tnrougn graprncal analysis, maKiuc esnrriaiionji anc moutsl 



calculations ("Fenni problems"), and utilizing verbalization and feedback (e.g. see 
Clements & Lockhead). This course is oelivereo as a two-week intensive worKsnop 
during the summer. ^ 

The sequence of four content courses are offered over 12 months in a foniiat of 
12 repeating three week patterns consisting of a Thursday evening auring week 1, an 
intensive all-day Saturaay at tne eno of week 2, and a Thursoay evening curing week 
2. A week of individual study typically separated each 3 week cycle. The Saturaay 
classes incorporate laboratory activities extensively. 

The nominal content is structured around the typical sequence of Mechanics; 
Light, Heat and Souno; Electricity ana Magnetism; ano Mooern Physics. The nion 
school master physics teachers are used to help structure the course so that thu 
college level physics learneo by the stuaents can be applieo to teaching dCtivHies 
encountered in the h.gh school classroom. 

The final course is a seminar in "Current Problems in TedChing Pnysics". Tnis 
course reviews the recent literature as it relates to perception dlTf icult1e2> 
stuaents have with physical phenomena, the concepts of cognitive science applieo to 
physics Instruct ion» and the discussions of the role of physics within the 
secondary school curriculum. 



EVALUATION 

The key to this strategy hinges upon establishing that the participants gain 
an understanding of th^ content and have a feeling of confidence and enthuslsism for 
teaching physics. 

To demonstrate the comprenension of content, a pre-test ano post-test were 
used. These were multiple-choice tests that covered the topics of the four content 
courses. The questions used for the pre> ano post*test have ueen stanoarizso 
nationally for students completing one-year of college-level physics. 

The pre-test scores for the 28 participants averageo beluv tne zOth percentile 
of students completing one-year of physics. One individual showeo a pr^-test 
comprehension equivalent at tne ^Dtn percentile level ano six others were grouoea 
in tne 40 to 75 percentile region. The remaining 21 were below the 30th percentile. 

Of tne 28 participants that started, U (SUS) compleieo the program. Tnose U 
tnat completeo the course had a pre-test average at approximately tne 20tn 
oercenrile, wnile the otner l4 nad an avf 2 at aoout tne 12th percentile. Tne 
Dost- test scores of those that completed ^ .c course showed improvements with one 
aoove tne 90th percentile ano two others aoove tne 75tn percentile, rive were in 
tne 30-75 percentile and tnree remained oelow tne 20tn percentile. 

The non-fin isners were 9 Biology, 1 Math, 1 Home Economics, ano 1 Science 
Education major. The finishers typically had 8 semester hourse more pnysics 
preparation tnan oia tne non-f inisners, ano tne math preparation was similar, 

Tr 2 enthrsiasm -and confioencs level were measureo by a self-evaluation aone Dy 
tne Darticioants in response to a questionaire uoon corrpletion of tne procran.. 



There were also standard course-evaluations completed Dy the stuoents at the 
connletion of eatb course. These evaluations provided feet^-back about the stuoents 
perceptions of the appropriateness of the courses and the extent to which the 
progran was neeting their goals* 

COMMEWTS 

ThU progran has been successful in this format in the populated metropolitan 
area, however, a severe need tor this type of retraining exists in Coloraoo and 
many other western states in the rural school districts. Typically, tne science 
teachers In these rural districts must cover two to four content areas (e.g. some 
rural districts have one science teacher for all science, grades In 
addition, these teachers typically receive lower salaries (by differentials as 
large as SOX of metro salaries). These rural districts typically nave a single 
high school serving a geographical area greater than 350 square miles and a stuoent 
population less than 50 per grade level. Therefore, a program cannot oraw an 
adequate number (15-20) of teiihers to a central location (commute distance less 
than 50 miles) to participate. Possible modifications of this program woulo be to 
offer a suniner program on campus. However, this model would require funding for 
subsidizing the relocation and housing costs of these low paid teachers to move 
100-400 miles each summer and then return. Another possible model would be to 
utilize telecommunications, computer assisted learning, and pre recoroeo vioeo 
materials. However, this model would also require s'lbstantlal funding and creative 
adaptation to still incorporate the "teach as you were taught" •"f^^'ano*-™ 
laboratory experiences. This model does offer the potential for the most radical 
innovations to occur, and perhaps provide beneficial mooels for exploitation of 
these technologies for other educational settings. 
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^ : is. cuTrently mploymi at Ball Aerospaca Systeaa Division. Be * 

* remains active in. education concema serving on the Steering * 

* Condttee of the Colorado Ain^it^ f„ Science and continuing ^ * 

* an Adjunct Professor at UNO; * 

* • * 



* * 

* * 

* Wallace Aas received his B.S. at Morehead State Teachers * 

* College and his H.A« at the University of Nothern Colorado. He * 

* has chaired the Physics Department at UNC from 1966 « 1981. * 

* Professor Aas is keenly interested in researching applications of * 

* learning theories to science teaching* * 

* * 
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RETRAINIKG EINSTSINS 
BI 

PROOEZSSOR OF FBYSICS 
LONG ISLAND UNI7E2SITT 



Albert ^instain wes a high school dropout. What ht 
Tiiad moot mas tha authors tarian atmoophara and tha amphasis 
on rota laarning ha axparianead at tha ovtnnaoium (high 
school) ha attandad in Hunich. Tha only schooling ha avar 
anjoyad wts tha yaar ha spant at a Postolazzi orisntad school 
in Switzarlandf whara ha ^ound «fpaadoa and Kindnass and %iias 
ancourapad to asR quastiona. Uhan ha anrollad at tha Zurich 
Polytaehnical Instituta tha following yaar» his intention was 
to ba trainsd as a high school physics taachar. Things 
turnad out othentfisa, Thajpatical physics bacama his l)4t 
worK\ but his concarn inr sducation navar slackanad* Ha nas. 
bsan a guiding spirit on our afforta to ratrain hij^h school 
physios tsschars at Long Island Univarsity^s BrooKlyn Campus* 

' Ths sitt of Boisncat for Einstain» was to eoordinata 
axparionca and bring it into a logical systam. In this ha 
agrsad with r 'hsr sninant aciantists of our ago. Physics 
sasks to axp^^a pattarns compatibla with our sansa 
imprasaiona of tha phyaical world. Now in ordsr to taaeh 
young paopla and thair taachars this knacK it is important to 
ba *awara of aa%tsral factors that saldon wcrK thair way inxo 
eurricular '^i :uBaions. 

Ponsid* tha rola of imagary. Imaga *s tha root of 
imagination. Cinstain thought in imagas: . 

Tha psycr'cal antiti«s which saam to sa^va 
aa alsman v in thought ara certain mutrular 
signs and mora or less slear imanee which 
can bt voluntarily reproduced and comhined* 
• • • this comb! net r«*y play stama to bt the 
essential feature in productivt thought he* 
fore ther t j a any ] f 2 i ea 1 eanatrug 1 1 on jj^ 
words > • • • 1 mag ination is mora important 
than knowltdga. 

Imagtry and imagination can bt of great practical value. ror 
txampltt I am hothtred by tht term ''rttra ini ng * because I 
oicture a train being switched from ont track to another^ a 
ont tracK mind being rt-routed. Playing with tnest imagas 
suggest s : .de-ra.i 1 ing dogmatic thinking* opaning vistas by 
gsttino peaolt off tht traina* having them walk* or fly* r^s* 
trainto teachtAs art eomttimsa referred to as rttrsAoa *an 
apt image. That suggests a solution. Let 'a not present 
physics as a esoarate veneer but at en outgrowth of history 
end o^ human activity, creating e strong Dond» a glut tnat 
connects the new to the known. 

The role of analagy and metapnor la a powerful one 
because it encourages the innate ability of our students to 
sse oatternsi to look at a set of data or observations and 
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txclAim * I 9st it!* Im^gnry § i mAg i t i on > intuition Art 
tifectivt in gntspinj tht ossJjJAi in seeing how the deteile 
hens togetheri thet ie whet is meent by 'getting the heng o{ 
if. 

The Ability to see the entire pet'tern es e whole is 
therefore vital in scientific understanding end in effective 
science tseching. But this sbility cen not be trensferred by 
memorizing definitions or equstions# by sets of rules or 
ordering of topics. ''There is no logical path to these 
laws tuf nature3;" says Sinsteinf 'only intuition resting 
on sympathetic understanding of experience can reach them." 
Sympathy and intuition are fselings. Analysis alone is 
fruitless* As we teach our students to disect and separate 
nature into its smallest partSf we mu-it teach thew as well to 
Xgei tht harmony of the whole. It's a *»asic sKill. Einstein 
SDOMt oi 2t in these words: 

The individual* leell^ the sublimity and mar- 
velous order which reveal themselves m nature 
and in the world o-f thought... He wants to 
experience the universe as a single significsnt 
whole... In my ^im^ It ^* "Q**^ important 

f unttt i on of art end seicnet tg, awaken thia 
f#glinQ an<^ keep it alive in those who are 
.capable of it. 

How do we awaken this feeling? How do we reveal the 
simple in the complex, the croer in the apparent chaoe of our 
experience? By cultivating the innate sense of wonde- and 
beauty that lurks in all of us. "All our detailed 
knowledge"* said Einstein» "is but a flight from wondfer." 
*The scientist doek not study nature because it is useful", 
said Henri Poincare» "he studies it because he delights in 
It, and he delights in it because it is beautiful." "There 
exists a passion for comoehension , just as there exists a 
paa&ion -for music." said Einstein, "That oaasion \s rather 
common in children but gets lost in most people later on." 
The eeaence of Physics teaching liss in tn» ahilit* to 
preserve or restort that passion. 

To teach science, teachers must be more than trainers # 
they must b« educetors in the root sense of that word, 
drawing forth the innate afc;l:ty to wonder, to question, and 
10 respond to tne harmonv niiiurft. We are n^jt selling 
detergents op breaK4asi cereals oeodorants whose aooeal 
needs to be jaized up for its customers . The products we are 
selling arc among tht greatest works tht human mind has 
ever created. Like great symphonies or oamtings, the 
oatterrfs physi cists have 4ound to correlate with exoenence 
are Or ta t n t tK I ng • 

Of course, no mind has yet comt uo with ••t'.te ultimate 
U4ttern"t nor it this likely to haooen. Tne discoveries of 
science are spen enoed. Educationally, tnis is ooad news tor 
two reasons, Stuoents nave a stake m tnt action; tne laws 
of ohysics are open 4or re-vision. And tsacners can answer 
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Any QU««iion with •! donM Uno%if* and not fttl 9«iity* 

But ■! don't know* ia r?ot inough. To angAga a c1a«« in 
mtAningful 'fiAlogut m •physics t«*ch«p must b« thoroughly 
convarsmnt with tht b*»ic cone«pt« o* phy«ic«. Although a 
strong bASt in NsitftoniAn nsehanies and •l«ctrommgntti»» is 
ssssntisl» ont should mlso bs 4smiJisr with th« *tomt th« 
nuel«us» snd hsva sow* UnowUdg* o* such subjsets as 
supsrconductivity, Qusrks and th« big bang thtor-. Th« great 
diseovsriss outstanding physicists ar« valuablt Itarning 
tools AS %irsll. Nitls Bohr-s thtory of tha hydrogan atom 
•mploys mschanics, slactricity and oiantum jumps, which can ba 
undsrstood on an alamantary lsvtl» and tha theory exhibits 
%irhat Einstsin dascibsd as "ths highest degree o^ musicality 
in physics*. A couple of weeks spent on the Theory oi 
Relativity is not a bad idsa slther. 

Seieni^e is our century's art. the takeovsr san be 
dated more precisely tlian the beginning o4 most 
erast Friday* June 30, 1905» will dot when Albert 
Einstsin* a clsrR in ths Swiss patsnt o**ics in 
Bsrn» submitted thirty-one page papsr, -On the 
Electrodynamics o4 Moving Bodies ■» to ths journsl 
Ann^len der PhysiK . No poem» no playt no pisee o4 
music written since than comes near the theory o^ 
rsl'stivity in its power* as one strains to hsar it» 
to msMe the mind tremble with delight. Whereas 
4i4\r years ago it was often said that hardly 
♦woscort people understood the theory o4 relativ- 
ityf today its essential vision, ss Einstsin himself 
said., ia within reach o4 any reasonsoly bright 
high school student. 

H.F. Judson t 

Search For Solut 1 one 

So we want high school phyaiea teachers who ara not only 
well versed in their subject, but are prepared to provide 
essential vaaions, stimulate imagination, imbue a aenaf of 
wholeness, ao their students can hear the muaic be^on 
playing scales and ^eel what science is, and what acientiats 
tee:. To reach adolescents, to hold tneir attention, to 
compete succtssfully with asx , druge and rock and roll, only 
something that can *makt the mind tremo^e with delight haa a 
Chance • 

* * 

^ Dr. Waltei Glickman received his B.S. at Alfred University and ^ 

* 
* 
* 
* 
* 



his M.S., and Ph.D. at Pennsylvanis State University. His research interests ^ 

led him to studies ir. the development of techniques that would increase ^ 

conceptual undcrs'^^nding and the sense of wonder in young people as well ^ 

as a concern with 'nifying factors of such diverse disciplines as science, ^ 

art and religion. * 



SERVICES PROVIDED BT TEA-MASTER 



THA-MASTER can provide infoxmation and services to all 
Interested parties vfao wish to became further acquainted with and 
involved in its unique program* This offer is addressed to rural, 
urbant aubuxban and special interest groups wishing to further the 
educational excellence of their comounities • In particular, universi- 
ties, school discricts, private and pubJic elementary and secondary 
schools and state education dep<irtments are irvited to communicate with 
us* Services of interest include: 

^ technical assistance 

* recruiment 

* speakers and consultants 

* staff development. 

* ervaluatlon materials 

* course descriptions and course design 

* video-tapes 

* dissemination techniques 

* networking 

* strategies for dealing with adult learners 



Permission for reprinting of any of the articles in this publica- 
tion can only be granted by the authors. 



Herbert J* Sacher 
Editor 

Assistant Professor, Science Education 
Long Island University 
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ARIZONA STATE UNIVERSITY 
**** 




PINAL REPORT 

The Hellman Academy for Mathemi»tic8 And Science Teacher 
Education and Retraining 

PIPSE Funded 

Arizona State University 
August 31, l&Se 



OVB'rVIEW 



The TEA-MASTER program at Arizona Stato University was conducted in close 
cooperation with neighboring school districts. This close involvement of the 
scuool districts in the program over the past 13 months ij considered one of the 
stronger features of t^e project as implemented in this area. 

School dlstricU we.e alerted to the forthcoming Academy in April, 1985, 
and w«irf informed of its objectives and availa:>ility to certain teachers. 
Districts were invited to send those teachers whom thoy considered to be most 
able to beiofit from the program, K.id whose subsequent a*, (rice would be of 
rreatest benefit to their districts. The participants consicted of those sent 
by the districts. 

T' •? program began with thirty-two participants, and ended with 1S> The 
pre-test was tf^ven early in the prog^m, and the post-test on th«* next ts the 
last day of meetings with the participants. On a comparison of the performance 
of the participants on the t-.o, there t» s marked increase in their level of 
performance, with a difference between the cwo trusts at the 0.01 level of 
significanco. 

All participants who completed tha program bu* three o being utilized by 
the districts as full time mathematics teachers. Some are so elated with their 
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new assignments they have gained renewed interest in teachrng and are finv....g 
theii* activities this year exciting and challenging. 

EXPECTED RESULTS 

One of the expected results of The Hellman Academy for Mathematics and 
Science Teacher Education and Retraining, aside from the immediate benefit of 
providing a pool of better, prepared teachers in an area of critical shortagSf 
was a demonstration of the feasibility of conducting a program for improving Ithe 
preparation of matkematics teachers ~h a cooperative venture betv,<jen a univer- 
sity and its neighboring school districts. 

Teachers sent by their districts as participants were assigned either part- 
time or full time by their districts as mathematics teuchersy and were viewed by 
their districts as having good potentiil as mathematics teacher Sy but 
.dequatelr prepared to teach mathematics. 

Programs of this kind usually deal wi^^ teachers as indiv iualSf with 
little communication actually taking pua^^e between the program director ar \ the 
respective disti^icts from whence the teachers come. There were several possible 
advantages for making initial contact and handling all publicity entirely 
through the district administration and for wanting to involve the districts in 
the selection of those teachers from their districts who wottld pi.rticipate. It 
would cause the districts to review the mathematical backgrounds of preparation 
vif their respective teachers. It wculd ca\ise each district to emphasize to 
their teachers that they were aware of them and their potential as mathematics 
teachers, and were giving them mora! support in their studies. It would provide 
an opportu ity for increased dialogue, in a constructive and meaningful acti- 
vity, between the districts and the university. It would increase the li^-^li- 
hood the increased abilities of the teachers would be more fully utilized by the 
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districts upon completion of the program. It would demonstrate the feasibility 
and the advantage of working only throui^h districts. 

Th-i expected result of bringing university and school personnel together in 
a cooperative venture to achieve a common goal has been fully realized. 

There were other expected results from this project. There is a chronic 
shortage of qualified mathematics teachers in our socie*7 0-,o of the reasons 
for this shortage of qualified mathematics teachers is the difficulty always 
experienced in retaining prospective teachers to teach mathematics after they 
have worked so hard to obtain the knowledge in mathematics that will qualify 
them to teach. With that knowledge, the lucrative jobs in industry are avatt- 
able to them and, too ofteTi, they are drawn away from teaching. By recruiting 
teachers to be trained in mathematics from the ranks of experienced teachersi 
it would be demonstrated that this is a pHme area for racruitment of potential 
teachers of mathematics. In addition, by recruiting from this group, it could 
be demonstrated it cost of preparing a teacher of mathematics would be much 
less than for rl^cruiting and preparing an entering college freshman. 

A total of ninetee:^ teacheri. completed the final phase of the program (see 
Attachment A). Sixteen of those completing the program have been assigned to 
teach mathematics full time in the fall by their respective districts. The 
d>tricts of the remaining three have been notified of the preparation of these 
three and have been alerted to the practicaUty of their being assigned to teach 
mathematics fuU time. It should also be mentioned that six of those teachers 
who cropped out, and did not complete the entire program, have obtained, through 
the program, better backgrounds then some of thos^ teachers available otherwise 
to teach mathematics in their respective districts. These "dropouts" have also 
been assigned by their districts to teach mathematics fill time. 



The expef^ted result of demonstrating the feasibility of recruiting teachers 
from the pool of experienced teachers to prepare and qualify to sho 'e up areas 
of shortage and need has been ally realized . 

FINANCUL STATUS 

Because of the level -tt Interest of the school districts, Arizona State 
University agreed to allow all participanU in this program, throughout its 
duration, to register for college credit without charge. When it was more 
convenient to the pb.**ticipating teachers to meet at one of tht» schools in the 
area, rather than on the "^mpus at Arizona State University, districts opened 
theJ*" facilities to our use at no charga. This would occasionally include 
not only tlie use of rooms for meetings, buv ;he use of overhead and projector 
equipment as welL The Department, of Mathematics at Ariiiona State University 
absorbed all the ezpensp« for secretarial work, duplicating, mailing, etc. 

This has been a case of everyone being willing to contribute resources to 
the project. The actual funding through PIPSE has really been seed money in 
view of the total costs &nd expenditures. This willing cooperation is one of 
the measures of the success of thn program. It has brought a wide range of 
people togetner in pursuit of a common goal needing the emphasis this program 
gave. 

POLLOW-UP 

In Arizona schools, students ar«* tested on standardized tests at the end of 
each school year. On the basis of these tests, districts will te asked to make 
a comparison of the students of those teachers who participated in this program 
mrith the average for the students of these same teachers in years past, a com- 
parison of the performance of the students of these teachers with the average 
for the students in the entire district in the past, and a comparison of the 
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studentB of these teachers with the average for the students in the entire 
district in the same year. If districts are not interested in making these 
comparisons, they will be asked to make the data available to Airizona State 
University so the comparisons cen be mrde. 

The success of the students in the classrooms of our teachers is the 
ultimate measure of success of our programs o^ preparation for those teachers. 

SUlyOylART 

There are many valuable lessons that have been learned from this activity 
rrhich shouM be reviewed and remembered and should serve as a guide in future 
programs* Some of these lessons were looked for* and others have been learned 
through chance. 

Any program of this kind is fully successful only to the extent that -school 
administrative personnel are meaningfully involved. Through their involvementt 
school personnel have become more aware of the need to upgrade their teaching 
faculties. There is a greaf«r and more accurate awareness of certifWtion 
requirements. Higher stsjadards are being set by some districts. 

A close working relation can he established and maintained between 
university personnel and school personnel that results in stronger .ms and 

greater benefits to alL i4any teachers are ready and willing to study hard over 
an extended period of time in a systematic and organized program set up to meet 
their specific needs. 

One of the most profound lessons learned is that the pool of experienced 
teachers is a prime area for recruitment cI additional teachers of mathematics. 



There have been noteworthy benefits resulting from this program th&t were 
not anticipated at the outset* The 'mprovement of teachers and teaching is nrvr 
seen by this university and its neighboring schools more as a cooperative effort 
rather them the sole rssponsibility of either. This program has put in place 
activities, and has broadened norizonsy that wil^ continue to be^ fruit for 
years* 

It would be a mistake to say that any one benefit from this program was any 
more important than another* ^wever, it would be reasonable to suggest that a 
strong contender for that designation would be the benefit given directly and 
indirectly to tHo people involved This program has breathed new life into 
mathematics education at Arizona State University and the surroundint communi- 
ties at a time when it was sorely needed, and has given encouragement in an area 
where new activity, life, and enthusiasm ia a benefit to alL To say that this 
came at an opportune time would be an understatement* This one thing alone is 
adequate Justification for having run the program. We will all benefit from all 
the lessons learned and the directions set. But because of the changes in 
attitudes of individuals, and the encouragement and renewed commitment of indi- 
viduals, only time will be an adequate measure of the full benefits accruing 
from this program* 
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June 27, 1986 



Dear Dr. Long: 

Thank you so nnich for the opportunicy to participate 
in THA-MASTER. The classes have been interesting as 
well as inf Owrmative and have allowed me to complete 
the mathematics credits required for teachinc: math 
in Arizona high schools. Math is a new iield for 
me and by completing this program I feel confident 
that I will be a better teacher. I have secured a 
high school math teaching position for the 1986-87 
school year and am looking forward to getting 
•^tarted in the classroom. 

Thank you again and please know that your efforts 
are greatly appreciated. 

Sincere ly. 




July 1, 1986 



Dr. Madeleine r. Long, Director 
IHA-MASTER 

Long Island University 
The Brooklyn Center 
Brooklyn, N. Y. 11201 



Dear Dr. Long, 

As the IiL-.-I.L4.STER course work concludes at Arizona State 
University, I -would like to thank you for your efforts in 
providing this necessary and timely progrcua. 

With Bachelors and Masters degrees, plus six years 
experience teaching at the elementary level, I decided I 
much preferred teaching Bftathematics to jiinior high students. 
As an undergraduate, I had a number of Math courses. Yet 
I lacked the j,. /per courses to receive State certification 
at the secondary level. THA-MASTER has gi-v^n me the 
wonderful cpportxmity to complete a secondary certificate 
while satisfying my district's requirements for graduate 
work. 

The THA-MASTER program at ASU has offered appropriate 
courses taught by master instructors. It has been a year 
wherein I have grown a great deal. The students I teach 
will be the ultimate beneficiaries. Thanks again for all 
your endeavors. I am truly grateful for the opportunity. 



Sincerely. 
Marilyn Wilcox 



July 3, 1986 



Dr. Madeleine J. Long* Director 
THA MASTER 

Long Island University 
Brooklyn Center 
Brooklyn NY 11201 

Dear Dr. Long: 

My students and I wish to express our appreciation for my:, 
unique opportunity to participate in the THA MASTER PROGRAM. 
My exposure to OAathematics has been :ubstantially increased 
during this past year. The high caliber of professional educators 
serving as our instructors has been a definite asset to the 
prograin. This inexpensive professional growth has advanced my 
career and the quality of my work. I thank you and Dr. Lehi Smith 
for this "chance to learn**. 
Sincerely, 




Nancy Hickey 
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2330 N 67th Way 
Scottsdalet AZ, 65257 



ur. Kadeieins J. Long, Director 
THA-MASTER 

Long Island University 
The Brooklyn. Center 
Brooklyn. NY, 11201 



Dear Or. Long, 

1 have been involved in the prograa of obtaining additional credits and 
course vo»k In th« prograa here at ASU. The efforts of Dr. Salth and other 
professors has greatly Increased my knowledge of aathaaatlcs and will In turn 
better my teaching aethods and work with children. I wish to express ey 
appreciation for the tlee and effort that you expended In establishing and 
funding this prograa. Not only have we worked hard In the prograa but we have 
established a close group. The other day a fe!low ciassaate suggested we have 
proa since it Is near graduation. 




Sincerely, 



Stanley Dunn 




3134 E. McKellips ?U8i 
Mesa, Arizona 8 52u3 
June 30, 1986 



Dr. Madeleine J. Long, Director 
THA-MASTER 

Long IslaTiCi Univers ity 
The Brooklyn Center 
Brooklyn, New York 11201 

Dear Dr. Long, 

As an Arizona State University student involved in 
the THA-MASTER program, I wish to thank you for your efforts 
to bring the program to Arizona. It has been of value in 
my teaching and will allow me to be certified as a secondary 
math teacher. This is very important to me. I hope the 
program can continue so as to allow mor e teaciers to have 
this wonderful opportunity. We've needed this program for 
a long time. 

Several teachers in my district had been trying to 
get our district to offer a program like this. We were 
not making much progress, but were going to continue to 
be persistent. Then A.S.U. notified our district of this 
program; it was and is exactly what we nad been working 
for. Thank you for being instrumental in getting this much 
needed program to Arizona. 



Sincerely , 




tivs.) Y 



vonne Oupont 
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SnU OFRRMC THE THA-MASTER 

Information regarding these sites can be obtained 
by contacting: 

Madeleine |. Long, Ed.D. 
Project Director, Model Site 

THA-MASTER Program, Rm. M-602 

UU/Broc* yn Center 

University Plaza 

Brooklyn, New York 1 1 201 

Telephone: (212) 40M 056/101 1 

A. Richard Polls, Ed.D. 
Site Project Director 

THA-MASTER Program 

Beaver College 

Ofb.ce of Graduate Studies 

Glenskie, PA I903B 

(215) 572-2960 

THA-MASTER 
The University of Miami 
School of Education and 
the allied Health Sciences 
Miami, norlda 33124 
Telephone: (305) 284-4301 

THA-MASTER 
College of Education 
The University of Kentucky 
Lexington, Kentucky 40500 
Telephone: (606) 257-2944 

Please send application and additional Information 
on: 

Beaver College Master of Arts In Educa- 
tion Program 

Certlfkatlon In Mathematics 

For an appointment please call: (2 1 5) 572-2959 
Please print 

Name . — 

Address . . 

City State Zip 

Telephone 

Home Business 



A Program 
to Retrain 

BeaverColege Teachersfal 

Graduate studes Mathematics 




Lcng Island University's 
Model Mathematics Retraining Program 
THA-MASTER 
nPSE FUNDED 
and 

The Master of Arts In 
Education Degree Program 
Beaver College 



A Program to Retrain Teachers In Mathematics 



This mathematics program Is designed as both a 
retraining program for teachers and a program to 
enhance the baclcground of teachers in the field. It Is 
scheduled to begin In the Spring of 1985. 



PROGRAM MGHUCHTS 

•on reduced In all math *marics courses 

..adutite courses specifically designed for non- 
mathematics majors 

• Unique course schedule and contact hour plan 

• 18 credits in mathematics 

• Lectures and small group discussions 

• Opportunity for employment in Philadelphia ana 
in the Delaware County Area 

• Opportunity to qualify for the M.S. in Education 
Degree 

• Opportunity for teachers certified In mathematics 
to increase their competence 

• Opportunity for teachers not certified in 
mathematics to retrain and become certified to 
teach mathematics. 



STAFF 

Site Prelect Director: A. Richard Polls. Ed.D. 
Dean of Graduate Studies 

Other Staff Includes: 

Edward F. Wolff, Ph.D., 
Associate Professor and Chairman of the 
Mathematics Department 

Charles E. Moulton. Ed.D.. 
Professor of Mathematics 

Michael G. Conzales, M. A. in Ed. 
Assistant Professor of Mathematics 



ADMISSION REQUIREMENTS 

• Admission to the Beaver College Master's Pro- 
gram and/or Mathematics Certification Program 

• Classroom experience as a teacher 

• Admission to the Graduate Intern program for ap- 
plicants without teacher certification 

• Completion of at least six credits of college 
mathematics, including one semester of the 
Calculus 

Since admission to the program is limited, applica- 
tions should be submitted as soon as possible. 

YEARLY SCHEDULE 

The mathematics courses are offered as noted 
below. (See the Beaver College Graduate Studies 
Catalog for information about courses in Education.) 

MA bOI Survey of Mathematics I Spring 

MA 502 Survey of Mathematics tl Summer 

MA 503 Selected Topics in Calculus Summer 

MA 505 Sel ted Topics In Mothematics Fall 
(Probability and Statistics) 

MA 510 Selected Topics in Mathematics Winter 
(Euclidean and Non-Euclidean 
Geometries) 

MA 520 Introduction to Modern Mathematics 

Spring 



Beaver College admits qualified students of any age, race, 
color, national or ethnic origin, or handicapped as defined 
by law. 



PROGRAM REQUIREi^ENTS FOR THE 
MASTER OF ARTS IN EDUCATION DEGREE 
(36 credits) 

FOUNDATK>NS COURSES DM EDUCATION 
(6 to 9 credits) 

ED 401 Social Foundations of Education 

ED 407 Philosophical Foundations of Education or 

ED 409 I'sychotoglcal Foundations of Education 

CONCENTRATION IN MATHEMATICS 
(15 to 18 credits) 

The courses In mathematics follow the Long Island 
University Model, THA-MASTER 

MA 50 1 Survey of Mathematics I 

MA 502 Survey of Mathematics II 

MA 503 Selected Topics In Calculus 

MA 505 Selected Topics In Mathematics I 
(Probability and Statistics) 

MA 5 10 Selected Topics in Mathematics II 
(Euclidean and Non-Euclidean 
Geometries) 

MA 520 Introduction to Modern Mathematics 



SELECTED ELECTIVES (6 to 9 aedlts) 

Selection of electlves Is made with advice from the 
Project Coordinator. 



ED 


457 


Applications of Mathematics to the 
Physical Sciences 


ED 


469 


Educational Applications of the 
Microcomputer 


ED 


433 


Reading In Content Areas 


ED 


480 


Introduction to Developmental Disabilities 


ED 


370 


Designing Learning Environments 


ED 


420 


Seminar for Graduate Interns 



CULMINATING ACTIYTTY (3 to 6 credits) 

All students are required to take a practicum. 
ED 383, Graduate internship. Secondary. The 
number of credits required will be determined by 
the Dean of Graduate Studies. 
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PROJECT DIRECTOR - DR. A. RICHARD POLIS, 215-572-2960 
I. EXECUTIVE SUMMARY ; 

A. PROJECT OVERVIEW ; The mathematics retraining program at Beaver College has 
been in existance for ten years. In 1984 we agreed to use the THA :-lASTER PROGRAM 
design for one cycle to see if it met our needs. Vfe were able to get support frcm 
the mathmonatics and education faculty at Bewer College and approval from the 
Graduate Academic Program Committe. All courses were approved and a special 
master's program was designed with the six LIU courses at the core. We advertised 
and admitted 18 students to the program by January of 1985 and completed the six 
mathematics courses by June of 1986. Of the 18 original students^ 13 are now 
certified mathematics teachers. Wfe are halfway through a second cycle of this 
program and hope to certify another 18 teachers. We also anticipate a third cycle 
to begin in the fall of 1987. 

B. P URPOSE ; To retrain experienced and certified teachers to become certified in 
mathematics. To offer financial support in the form of partial or full 
scholarships to teachers who wish to retrain. To produce better qualified teachers 
of mathematics for the Ccxnmaiwealth of Pennsylvania* 

BACKGROUND AND ORIGINS ; Beaver College has a long history of innovation in 
teaching and has worked closely with the public schools in the Delaware Valley 
area. We have a strong committment to mathematics and mathematics education^ fine 
faculty^ and interest in continuing to provide excellent teachers of mathematics 
for the schools of the Cctnnonwealth. There was and is support for this project in 
the college. 

P ROJECT DESCRI PTION ; We started ttie project with four of the six project 
courses and two modified courses. Wc now offer seven courses plus a computer 
science course and have increased emphasis in algebras^ geometries^ probability^ 
statistics, discrete mathematics and computer science. We have modified the 
timetable and offer four courses by using fall, winter, spring and suimier tenns 
with courses in 15 week, 12 week and six week slots* We have begun to hire 
student tutors who are cet .if ied mathematics teachers to lead study groups and 
tutorials. As part of our organizational pattern, we now have an advisory grouP 
made up of students, faculty and public school people. 

Project Results ; We have completed one cycle, ate in the middle of a second 
cycle and plan a third cycle. We have been funded by several agencies to do 
retraining and upgrading of teacher in mathematics and science. Our students have 
been quite successful in school and in the job market • Our attrition rate was 
approximately 25% in cycle one and 33% in cycle two. Dissemination included press 
releases, 10,000 mailings, five papers given at state and national meetings. 

F. SUMMARY AND CONCLUSIONS ; The THA-MASTER is an excellent beginning program for 
training entry level mathonatics teachers. We modified the courses to offer our 
teachers more mathematics content and these modifications prepare teachers to do a 
high quality job of teaching up to the 10th or e ran the 11th grade. I do believe 
that we spent more time thinking about better ways to educate mathematics 
teachers . 



MATHEMATICS RETRAINING PROGRAM 
BEAVER COLLEGE, GLENSIDE, PA 19038 
PROJECT DIRECTOR - DR. A. RICHARD POLIS, 215^572-2960 
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I. FINAL REPO^i^ t 

A. PROJECT OVERVIEW ; 

Mathematics and mathematics-education has always been an area of strength at 
Beaver College. \>le have been retraining teachers into mathematics for the past 

ten years and have received national recognition for the model we used from 1976 

to 1984. In the spring of 1984 Dr. Richard Polls gave a paper on retraining in San 

Francisco at the Annual Meeting of the National Council of Supervisors of 

Mathematics. Dr. Madelaine Long attended his session and discussed the 

FIPSE-THA-MASTER PROGRAM with him and suggested that Beaver College might want to 

be one of the site schools. 

In the fall of 1984 Dr. Polis^ Dean of Graduate Studies^ 
Dr. Wolffs Chairman of the Mathematics Department and Dr. Rowe/ Chairman of the 
Education Depratment met with Dr. Long and a few of the mathemtics faculty at the 
Brooklyn Campus of Long Island University. The faculty from Beaver College agreed 
that the program at LIU was unique^ well designed^ efficient and offered sane 
benefits that our standard majors prograir did not offer. Clearly^ seed monies to 
start the program seamed attractive and allowed Beaver to use this experimental 
program for one cycle without committing beyond that cycle. 

In the fall of 1984 the program was supported by the mathematics and 
education faculty and approved by the Graduate Academic Program Committee. It was 
approved as an "experimental certification program" by the Pennsylvania Department 
of Education. The six mathematics courses were made part of a special master's 
degree program which also required six courses in professional education. This 
master's program was designed to meet state standards and to allow novice teachers 
to complete a full certification program through the Intern "teaching Model used in 
Pennsylvania. However^ the major thrust was retraining of certified teachers. 

By November of 1984 the program was advertised through press releases and by 
direct mail to local school districts. A brochure was designed and sent to 
secondary and elemaitary schools. Approximately 40 inquiries were made as a result 
of the advertising. Of the forty 18 applied and 17 were admitted. Of the 17 
students in cycle one 13 have completed the program. A second cycle is in 
progress and a third cycle is planned. 

B. PURPOSE : 

The problem we face in the Philadelphia area is a shortage of qualified and 
certified mathematics teachers. The most talented people in mathematics at the 
undergraduate level no longer consider teaching as a viable career path. As a 
result^ school districts have difficulty hiring highly qualified teachers of 
mathematics. The School District of Philadelphia is and has been in great need of 
high quality professionals. We were helping to meet this need through retraining 
of certified teachers and this project supported that major objective. 
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We did retrain teachers ur^ng a model that mixed undergraduate ind graduate 
courses and produced mathematics teachers who had completed the traditional 

mathematics major. Our students were highly regarded and heavily recruited. Time 

and money were major problems faced by these students. They usually completed a 

program that ranged in credit from 42 to 60 hours of academic work^ The LIU model 

allov>«3 us to certify teachers after completeing 18 to 42 credits depending on 

their undergraduate training. Not only is the LIU model efficient in time^ but 

support from FIPSE and other agencies have allowed us to offer full and partial 

sclTolarships to participants. The funding first by FIPSE through LIU and later by 

the State of Pennsylvania through Title II pps helped considerably. In addition to 

the funding by FIPSE and the Federal Governnent^ we have received support from 

local school districts. 

The project addressed the problem of retraining. One of the major stumbling 
blocks to retraining seems to be funding. We have been able to find funds to solve 
this problem and believe that the original grant gave us leverage to seek and 
secure the necessary funds. We hope to continue our program by utilizing Title II 
and school district support. 
C. BACKGROUND AND ORIGINS : 

Beaver College has a long history of innovation in teaching and has worked 
closely with the public schools in our five county area. Our Writing Across the 
Curriculum Program, funded by FIPSE has received national recognition, as have 
other programs at the college. We have a rich history and reputation for high 
quality programs designed to train and retrain teachers in mathematics and 
science. 

The Dean of Graduate Studies at Beaver College is a mathematics-educator who 
has authored several mathematics textbooks, has consulted for the Commonwealth and 
for school districts in and outside of Pennsylvania, has been active in local, 
state and national professional organizations in mathematics and has worked 
directly with the schools in the five counties in which Beaver College resides. In 

addition to his role as Dean, he is also the Certification Officer for the 
college. As Project Director, the Dean of Graduate Studies was able to see that 
the program approval process in the college and in the state was accomplished 
without too much red tape or opposition. 

Beaver College has 75 full time faculty and 50 part time faculty who teach 
undergraduate day and evening and graduate day and evening courses. The 
Mathematics-Computer Science Department has six full time faculty and 15 part time 
faculty. This program has had little or no impact on number of faculty employed. 
We simply offered a course each semester and several in the sumtier. We did offer 
the courses in a different time frame than we offer our other classes. Wfe utilized 
the winter break, summer school, and time bewteen graduation and the start of 
surnner classes. 
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Our relationship with the School District of Philadelphia has always been 
solid. The Director of Mathematics in Philadelphia taught courses at Beaver and 
served on advi;.ory cannittees. This new retraining program strengthened that 
relationship. We received funding frcm the school district to upgrade ueachers of 
mathematics who are already certified, and we utilized some of the courses in the 
retrai ig program for that purpose. In addition to funding for upgrading, we 
recently received some funds to support the second cycle of this program. 
D. PROJECT DESCRIPTION ; 

When we started this retraining program ve approved six new courses: ma 501 
Survey of Mathematics I, followed the LIU outline; m 502 Survey of Mathanatics 
II, vras p;:imarily a course in linear algebra, matrices, and transformations; iiA 
503 Selected Topics in Calculus, follows the LIU outline; MA 505 Selected Topics 
in Mathematics (Probability and Statistics), covers work in probability and sets 
tha foundation needed in statistics; MA 510 Selected Topics in Mathanatics 
(Euclidean and Transformational CSeometries) , is a modern geometry course; MA 520 
Introductioor o Modern Mathematics, followed most of the LIU outline but did more 
with .aodem algebra. 

We did not offe-j the Refresher Course nor did we approve ;^plied Calculus I, 
since W2 required six hours of college mathematics including at least one course 
in calculus for admission. The students in our first cycle were very bright, and 
for the most part academically talented. All but two had taken calculus in 
college. Therefore, we did not need to offer a refresher nor did we need to offer 
the fisrt calculus course. We were funded by the Commonwealth through Title II 
funds for retraining teachers into mathematics and started the scond cycle in the 
spring of 1986. Realizing that we could not recruit teachers in a short time who 
had the mathematics background that our first cycle students had, we modified the 
sequence ard the content of the program. 

Here is a description of that modification. We offered MA 501 first and 
emphasized pre-calculus mathematics, including the function concept as central to 
the course. Vfe offered MA 502 next with little or no change. Instead of offering 
m 503 next, we put it off and offered MA 510 so that we could arrange a calculus 
course to be given prior to MA 503. Since the Mathanatics Department did not want 

the first calculus course to be given for graduate mathanatics credit, we offered 
that course as Ed 427, Topics in the Teaching of Mathematics: Teaching Calculus. 
Ed 427 is being given this winter and will be followed by MA 503 in the spring. 
The students in cycle two will complete MA 505 in the suitmer and MA 520 in the 
fall. MA 520 has bean developed into a modern algebra and number theory course in 
which content is combined to cover major ideas from both content areas. Finally, 
we believe that all students need a course in computer science. We have been using 
BASIC language for that purpose, but plan to require PASCAL in the future. 



In the third cycle we plan to redesign MA 502 and ret i tie the course as 
Discrete Mathematics. Part of the reason for this has to do with the national 

^phasis on discrete mathematics and part has to do with requests we receive from 

local school dis*:ricts. 

In addition to changes in course content^ order and emphasis^ we nave 
decided that the best timetable for this program at Beaver is to offer a 15 week 
course in the fall semester, a winter course that begins in January and meets 
twice weekly for one month and then once a week for two months. Wfe follow this 
with a fifteen week course given from the middle of March to the end of June. In 
the summer we offer one course in the five week period. This allows students to 
complete four courses a year without too much time pressure. 

Vfe have begun to hire student tutors who are certified matlriematics teachers. 
These tutors attend class with the students and hold tutorial study group sessions 
w^th 6 to 8 of the teachers vAio are retrai ang. The format varies from problan 
review and explanation of concepts to examination review. The students make \jp 
their own study groups and meeting times. We provide space and pay the tucors. 
This was made possible because of the funding level we received through Title II. 

As part of our organizational pattern, we now have an advisory group made up 
of students, former students, faculty, and school district mathematics 
coordinators. Many of the program changes resulted from suggestions from this 
advisory body. 



E. PROJECT RESULTS; 

This project has resulted in two distinct certification tracks, our original 
n. ithematicr major model and the experimental retraining model. Since we cannot 
afford both of these models, we will probably phase out the majors model for 
retraining and only use it for pre-service undergraduates. We have received 
grants for retraining in mathematics and chemistry, as well as a grant to upgrade 
the background of certified teachers. These grants are clearly related to the 
work we did in the first cycle of this project. We believe that we would c have 
been successful in our bid for funding without the experience of working with the 
project anc? the various site directors. 

Dissemination was accomplished through several different vehicles. Vfe used 

press releases in the local newspapers and in professional newsletters. We mailed 

over 10,000 brochures over a two year period and we sponsored colloquia and 

conferences in conjunction with the local professional mathematics organization 

whose members number over a thousand. In addition to this, the project director 

gave papers at several conferences. The papers are listed here. 

1987 Pennsylvania Council of Teachers of Mathematics, March/ 
1987, Harrisburg, Pennsylvania, "Retraining of Iteachers 
in Mathematics: The Tip of the Iceberg." 
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1986 THA-MASTER Dissemination Conference^ Deconber^ 1986^ 
Puerto RicOf "Retraining of Teachers in Mathematics: 
The Tip of the Iceberg." 

1986 Pennsylvania Council of Teachers of Mathematics^ March/ 

in^M^thOTatiw?^' fei-ir-sylvania, "Retraining of Iteachers 

1986 Conference for Leaders in Mathematics Education^ May^ 
1986/ The Pennsylvania State University at Harrisburg 
"Procedures for Change in Mathematics Curriculum" ^ 
Discussion Leader. 

1985 Pennsylvania Council of Teachers of Mathematics^ March^ 

1986, Valley Forge^ Pennsylvania ^ "Retraining of Teachers 
in Mathematics." 

1985 National Council of Supervisors of Mathematics^ April , 
1985/ SanAntoniO/ Texas^ "Probing for Excellence in 
Mathematics Teacher Retraining Programs," 

A third outcome of importance is the use of the retraining courses in the 
grant to upgrade the training of certified teachers of mathematics. Not only did 
we receive a grant fran the state to do this work/ we received grants from the 
school district of Philadelphia. We have been funded by various agencies over the 
last two years for over $300/000.00 in grants and contracts related to retraining 
of mathematics and science teachers. Basic to our various initiatives has been the 
first grant through FIPSE and LIU. 

The evaluation package which we used in cycle one of this project was weak. 
Therefore/ have very little data about the first group to complete the program. 
>fe designed a stronger evaluation package for the second cycle including our own 
pre and post-test of mathematical knowledge/ along with an instrumeit to measure 
attitude toward mathematics. The data for second cycle is not available at this 
time. We did use these instruments for evaluation of our program to upgrade the 
training of mathematics teachers and found measurable increases in knowledge and 
positive attitude changes. The instruments are found in Appendix 5. 

The only clear data oi* die students who conpleted the program is that 13 of 
the 17 who enetered completed the program. Of the 13 who completed 9 receieved 
grades of "A" in all of the mathematics courses or received grades of "A" in all 
but one raathemtics course. Of the 13/ 7 now have positions teaching mathematics. 
We are planning to have these students and others take the mathematics portion of 
the NTE so that we can compare their reults to national norms. 
SUMMARY AND COICLUSIONS ; 

The THA-MASTER is an excellent beginning prograra for training entry level 
mathematics teachers. We modified the courses to offer our teachers more content 
in geometries/ algebras/ probability/ statistics and conputer science. We believe 
that our modifications prepare teachers to do a high quality job of teachipq up to 
the 10th or even the 11th grade. We believe that these teachers need to do mot^ 
work in mathematics if they wish to teach advanced high school courses. However/ 
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we believe that their training may be superior to the traditionally trained 
mathematics major. 

I am not sure that our ideas changed radically due to the program. I do 

believe that we spent more tiine thinking about better ways to educate mathanatics 

teachers. The model we use now is in transition. We hope that we will never be 

satisfied with what we have and will always try to improve. 
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APPENDIX 4 Publicity 

This letter and our brochure were sent to surrounding schools 
To staff training personnel, Beaver mathematics faculty 
1 Over 500 sent to appropriate personnel in Philadelphia School District 



November 19 » 1984 



Dear Colleagae: 

Beaver College has been active in retraining teachers in a number of areas 
including mathematics and science over the past five years. Because of cur 
reputation in this field, we have been asked to participate in a program 
that is being replicated nationally: "Long Island University's Model 
Mathematics Retraining Program, THA-MASTER, FIPSE Funded." We are starting 
a new cycle of this program at Beaver College in the spring of 1985 and 
have space for approximately twenty (20) qualified applicants. 

The program is designed to either recertify teachers in mathematics, 
upgrade the skills of certified teachers of mathematics or certify liberal 
arts graduates in mathematics. 

It you know of any suitable candidates for this program in your district 
you may want to pass this information along to them. We have enclosed 
several copies of our brochure explaining the program. 

If you have any questions please do not hesitate to call me at 572-2960. 

Sincerely yours, 




^ Beaver Co 1 1 ege 




A« Richard Polls 

Dean of Graduate Studies 



ARP/mg 
Enc. 
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EASTON and CHURCH ROADS/GLENSIDE/PENNSYLVANIA 19038 



(215) 572-2900 




^ Beaver College 



President I3ruce Wilson of i:eaver College unnounced zoc^j 
that, throu,^-* tUo efforts of Dr. A. Richard Polij, Jean of 
Graduate StLlies, iJ^javer has Deen selected one tnc five 
national sites funcec by Lorj^ Ijland ■Jni\ersity thr -u^r* ^ ^r- 
iro.ti rIP3£ (the Fund Tor the Improveiuent of Post Secondary^ 
Education ) . 



nt 



retrain 



oTunt Jill su^^i^ort an irinov^tiv^- t^ro^r^.n d^si^^n.d 
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scheduled in a way that will 
Zr3d:.aK^ .lathe.ictics courses a 
professional education bv the 
T^o r.ciivc certification in 
Arts 3e;;ree mciy co^nplete both 
The :i.A. in Educution .vith d c 
30 credits, half in i.idt^tetnatic 
eoucution, pl^.. ? p,r ^ c t i c ^ . T 
Gen-ral Standards an.i tne tnath 
Star, 'ard- of th.. •: t n s y 1 v jn i j 
io desii^ned bc^th for ini'cijl t 
for jj^^rc^dinj^ t'r.u ::.ack£rcun i o 
the fi jid, Vfiia pro3ra,ri is co 
is beinj i.nple..iv*n ted in fi^/c 
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Dr. :!udeleine Lon^ is th- Pireator of th-c Proj^-ct Lo^u* 
Island University and will be talking about this luo^el in tfie" 
sprin^; at ::u?etin^s of t!!C- Pennsylvania Cojncil of T.^a-li-^rs of 
::atheinatic.^ and at the IJ^tLonal Council of Supervisors of 
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APPENDIX 6 



BEAVER COLLEGE 
MATHEMATICS RETRAINING PROGRAM 
LONG ISLAND UNIVERSITY'S 
THA-MASTER 
FIPSIE FUNDED 

BUDGET 1985-86 



FACULTY SALARIES 



HA 501 
MA 502 
MA 503 
MA 505 
MA 510 
MA 520 



Spt.ng, 1985 
Summer, 1985 
Summer, 1985 
Fall, 1985 
V'l.iter, 19 '5 
Spring, 1986 



TOTAL 



$2,000.00 
$2,000.00 
$2,000.00 
$2,000.00 
$1,750.00 
$2,000.00 
$11,750.00 



Director's Travel 
Advertising 



TOTAL 



$1,500.00 
$750.00 
$14,000.00 



FIPSE CONTRIBUTED 
BEAVER CONTRIBUIED 



$13,150,00 
$850.00 
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NORTHERN COLORADO UNR^RSITY 
**** 



- H - 



A Proeram to Retrain 
or Ennance Training 
in Physics Teaching 



The Hellman Academy 
for Mathematics and Science 
Teacher Education Retraining 
(THA-MASTER) 



Long Island Univeriily's Mudel Program 
Disseminated to the University of Northern Colorado 
by support from the Fund for the Improvement of 
Postsecondary Education (FIPSE). 

University of Nortliern Colorado 



A Program to Retrain or Enhance Training in Physics Teaching 



This program is desigr.ed to both retrain 
teachers from other disciplines and enhance 
the training of teachers currently m the physical 
sc lences. The emphasis will be directed toward 
those who will be teaching physics concepts in 
Itinior or senior high school. The program will 
begin mid-summer 1985. 



Eligibility Requirements 

• Teachers with regular classroom experience. 

• Teachers seeking certification or 
recertification with science endorsement. 

• Teachers with at least one year of college 
science and one term of college 
mathematics. 



Program Highlights 

• Reduced Tuition in all prograiti courses. 
Ciraduate courses specifically designed for 
teachers With limited preparation in physics. 

• A pre-program preparatory course. 

• 2]'ll credits (quarter) m physics from UNC. 

• Unique course scheduling over 15 months. 

• Ottered in metro-Denver area. 

• Conceptual conlenl presented through 
integrated learning activities. 

• Opportunity to panlally fulfill requirements 
tor Interdisciplinary Masters m Science 
Teaching (UNC). 

• Opportunity for teachers to partially fulfill 
science enclorsement requirements. 

Staff 

Site Pro(ett Diwi tor: \\^u\ A. Lightsey 
Associate Prott»ssor C hairperson of 
l^hysics 

Other Staff: 

VVcilLue Aas, IVotessor ot Physics 
Willard ladner, Prolessor ol Physics 
Kuhard I ry, Prolessor of Physu s 
KohiTl Hamc"rly, l^roiessor ol Physits 



Coursework 

Preparatory Course 
(3 credits) 

Mechanics 
(4 credits) 

Heat, Sound, and Light 

(4 credits) 
Electricity and Magnetism 

(4 credits) 
Modern Physics 

(4 credits) 
Problems in Teaching Physics 

(4 credits) 



tot additional information 
or applications write: 

Paul A. Lightsey, Chairperson 
Department of Physics 
University of Northern Colorado 
Greeley, CO 80639 
Telephone: iSI-2961 

Smce admission is limited, application should 
be submitted as soon as f)()ssil)le 

f lu' i it)tv('rsity ol Not thon) C ofonidois tiilh t onuuittc(iU> 
AttumJtno At tton ,\i)d fqiuf ( )f)fUKfunitv 




Sites Offering THA-MASTER 

Information regarding these sites can be 
obtained by contacting: 



Long Island University 
Dr Madeleine |. Long 
institute for the 

Advancement of 

Mathematics and Science 

Education 

One University Plaza 
Brooklyn, N Y, 11201 
(718) 403-1056 

Beaver College 
Dr. A Richard Polis 
Office of Graduate Studies 
Easton and Church Roads 
Glenside, Pa. 10938 
^21S) 572-2900 

University of Miami 
Dr Ciilbort J Guevas 
School of EcJucatinn and 
Allied Health Professions 
P O Box 248605 
Miami. PI, JJ124 
(305) 284-4301 

Arizona State University 
Dr Lehi T Smith 
Doparlment of 
Mathematics 
Tempo, Ai 8'^2«7 
(602) 965-3951 



Texas Woman's University 

Dr Rose Mane Smith 

Chairperson, Department 
of Mathematics, Scieme, 
and Computer Science 

PO Box 22865 

TWU Station 

Denton, Tx 76204 

(817) 566-6335 

University of Northern 
Colorado 

Dr Paul A Lighlscy 
Department of Physics 
Greeley, Co. 806 i9 
(103) ]5!-29()l 

Western Oregon 

Stale College 
Dr Robert Mam 
OepartmcMit of 

Mathematics 

145 Monmouth Avenue, 

North 

Monmouth, Or. 97«>I 
(503) «]8-1220 ex 4412 

Trenton Stale College 
Or Mu hael lannone 
Office of Accidemu Affairs 
Millwood lakes CN 550 
Trenton. N j ()8(>25 
(609) 771-2269 



Please send an apphcatron and addrtronal 
informatron for THA-MASTER Program. 

□ I would hke to speak wilh an advrsor. 

Best time to call 

VU asc I'nr.t 

Name 
Address 

( liy SUie 

Telephone 

Hiimtr Busmcsv 



riNi\L REPORT: THA-MASTER Program at the University of Northern Colorado 



The program activities and results are sununarized in attachment 1, a paper 
presented ai the San Juan Conference. All of the funded activities have 
been completed. The financial expenditures are presented in attachments 
2 and 3. 

Additional comments upon reflection: 

Tlie participants apparently benefitted greatly from the 
program. However, a one year exposure to physics is not 
going to prepare excellent physics teachers. Evidence sug- 
gests that learning physics by adults may be a slower process 
than for adolescents due to "misconception" filters. We 
observed this phenomenon during the course of the program, 
A slower pace and more effort at identification of misconceptions 
will be valuable in future courses. Also, the slower pace 
may alleviate the high stress placed on these individuals 
while continuing their full-time employment. The high stress 
exacerbates the drop-out rate among those that have anxiety 
characteristics. The survivors of this program had a sig- 
nificant^^ better prior exposure to math and physics than did 
those that dropped out. Initially, this program may best serve 
the needs of schools by retraining those with some limited 
background in physics, rather than those with no physics 
background. 



Future Activities: 

The University of Northern Colo^-ndo has incorporated the THA- 
MASTER curriculum into the Interdisciplinary Science Teaching 
Masters Degree Program. The courses are now offered on campus 
primarily during the summer term. Efforts to offer an off- 
campus program again are under way. Financial support for 
teachers from rural areas to attend the summer program and to 
suplement the off-campus program is desired and being sought. 

\4hile this program has been successful, it has also revealed the challenging 
and great task still remaining to meet the need of having quality physics 
teachers available in all schools in the USA. 



Paul A. Lightsey, Site Director 
THA-MASTER @ UNC 
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A Strategy for Retraining of Teachers for Physical Science 
Paul A. Lightsey ana Wallace Aas 



INTRODUCTION 

Concern over the shortage of science teachers, especially those in physical 
sciences, has been expressed in many forums. Various recruitment techniques to 
fill thin ranks have been proposeo. Long term solutions have aooresseo ways to 
enhance the desirability of science teaching as a career to be considered by 
tooay's youth. Short term solutions have aaoresseo ways to attract current 
professionals into the science classroom. 

Two divergent methoos have been suggesteo to recruit these professionals. One 
method is to attract individuals with science/engineering backgrounds to step into 
the classroom. Some proposals have involveo temporary, visiting assignments by 
scientist/engineers to aio current teachers, or teach part-time in critical courses 
such as physics or calculus. Other proposals have aimeo at recruiting 
scientists/engineers who are retired or near-retirement to consider a 
"secona-career" as a science teacher. However, these proposals face the problem of 
re-training these professionals to have aoequate knowledge ana skills for the 
educational environment in the secondary science classroom. 

The second method has looked at retraining current teachers from other 
disciplines into teaching in the sciences. The criticism of this methoo has Deen 
based on the assumption that re':raining these teachers to gain adequate knowle:lge 
of the content ana skills of physical science would be very aifficult ana that they 
would not develop an enthusiasm and love for the discipline because of their own 
"anxieties" about learning physics. However, these teachers have experience ana 
the prerequisite training in teaching in the education environment at the secondary 
level. 



P RCiGRAh PHILOSOPHY 

This paper presents ^ strategy that attempts to overcome the criticisms of 
second method and successfully retrain teachers from other disciplines to be able 
to teach physics and physical sciences in the seconaary classroom. To go this, a 
philosophy was adopted that the process of teaching the content ana proDlem solving 
skills exemplifiea in physics to these teachers shoula De a moael for them to use 
in teaching, i.e. to teach as they were taught. Recognizing their potential 
anxieties ana "fear of physics", this mocel hia to aaaress ways to overcome 
pre-existing misconceptions and alleviate anxiety while bringing comprehension of 
physical science to an adequate level for them to step into the classroon^ with 
confidence and enthusiasm. Master high school physics teachers were included on 
the staff to provide effective teaching moaels for the high school classroom. The 
physics content covered the traditional subdisciplines. However, processes for 
analysing information ana gaining insight into a content area were emphasizea, so 
that these teachers would feel confident at moving into new areas on their own, 
rather than teach "rote information" from a text. In addition, the courses were to 
be offered over a fifteen month period, allowing participants to continue in full 
time employment while completing 20-23 creaits (quarters). 
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NEEDS ASSESSMENT 



Neeo for this program was assesseo in a step-wise process. Initially a survey 
questionaire was sent to the administrators at 220 senior high and 185 junior high 
schools through out Colorado. Approximately 11% (43) of the forms were returnee. 
These 43 respondents estimated that in their districts approximately 25 teachers 
were assignee to teach physics or physical science with less trian one- year of 
college physics preparation, and approximately 60 teachers would benefit from 
participation in this program. Incentives or rewaros for a teacher to participate 
in the program identified by these administrators were: salary increments (40%), 
job security (33X) recognition (9%), self-satisfaction ano better unoerstanoing of 
physics (9X). 

These administrators inaicated that 53X of the oistricts woulo be willing to 
aid in retraining through stipenos, released time, etc. ano estimated that 
approximately 43 teachers woulo be willing to participate and provioeo 40 names of 
potential participants. 

For logistic reasons, the first offering of this program was focussea on the 
high-population density Front-range area centerea arouna Denver. The next step in 
assessing neeas was to seno brochures to all names suggesteo by responoents to the 
survey, to all school districts in the Front-range, to names on mailing lists of 
science teachers in the Denver area, ana to inaiviauals requesting information 
about the program. From these brochures, we received 77 requests for application 
materials (31 female, 46 male). We screeneo the applications to aetermine the 
number who had the required minimum math and science backgrounas, but who did not 
have extensive preparation in physics. Twenty-eight participants (11 female, 17 
male) were accepted into the program. 



PARTICIPANT PROFILES 

The background of the participants was varieo, thougn oominaieo by 15 
individuals having majoreo in Biology. Other undergraduate majors representee 
were: 1 home economics, 1 physical eoucation, 1 inoustrial arts, 1 physical 
geography, 1 earth science, 2 mathematics, 2 science education, 2 chemistry, and 2 
physical science. The 4 in physical science ano chemistry petitionee to be 
included even though they had previous preparation in physics. All four hae 
receiveo their oegrees over twenty-years ago ane oesireo a "refresher". The otner 
25 participants averaged 5 semester credits in physics preparation, compareo to an 
average of 28 semester creoits in biology, 13 semester creoits in cnemistry, one 11 
semester credits in earth science. Fourteen of the participants hae matn 
preparation through at least introouctory calculus, 11 others hae at least college 
algebra, and 3 technical or general introductory math. 

This data collectively oemonstrated the neea for a retraining program. In 
particular, there seems to be a cadre of biological science teachers interested in 
moving into physical science teaching. 



CURRICULUM 

The first course in the program is a preparatory course. This course reviews 
some basic algebra and trigonometric manipulation, then emphasizes quantitative 
problem solving through graphical analysis, making estimations ano moeel 
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calculations ("Fe.mi problems"), ana ctilizing verbalization ana feedback (e.g. see 
Clements & Lockheao). This course is oelivereo as a two-week intensive workshop 
during the summer. 

The sequence of four content courses are offeree over 12: months in a format of 
12 repeating three week patterns consisting of a Thursday evening during week 1» an 
intensive all-day Saturoay at the ena of week 2, ana a Thursoay evening curing week 
3. A week of individual study typically separated each 3 week cycle. The Saturoay 
classes incorporate laboratory activities exter.ively. 

The nominal content is structured around the typical sequence of Mechanics; 
Light, Heat and Souoo; Electricity ana Magnetism; ano Mooern Physics. The nign 
school master physics teachers are used to help structure the course so that t^e 
college level physics learnea by the stuoents can be appliea to teaching activities 
encountered in the high school classroom. 

The final course is a seminar in "Current Problems In Teaching Physics". This 
co^ ->e reviews the recent literature as it relates to perception difficulties 
stuoents have with physical phenomena, the concepts of cognitive science appliea to 
physics Instruction, and the discussions of the role of physics within the 
secondary school curriculum. 



EVALUATION 

The key to this strategy hinges upon establishing that the participants gain 
an understanding of the content and have a feeling of confidence and enthusiasm for 
teaching physics. 

To oemonstrate the comprehension cf content, a pre- test ana post- test were 
used. These were multiple-choice tests that covered the topics of the four content 
courses. The questions used for the pre- ana post-test have been stanoarizec 
nationally for students completing one-year of college-level physics. 

The pre-test scores for the 28 participants averageo below the ^Uth percentile 
of students completing one-year of physics. One individual showed a pre-test 
comprehension equivalent at tne 75th percentile level ana six others were groupea 
in the 40 to 75 percentile region. The remaining 21 were below the 30th percentile. 

Of the 28 participants that starteo, 1^ (50%) completed the program. Tnose 14 
that completeo the course haa a pre-test average at approximately the 20th 
percentile, while the other U had an average at about the 12th percentile. Tne 
post-test scores of those that completed the course showeo improvements vith one 
above the 90th percentile ana two others above the 75tn percentile. Five were in 
the 30-75 percentile and three remained below the 20th percentile. 

The non-finishers were 9 biology, 1 Math, 1 Home Economics, ana 1 Science 
Education major. The finishers typically had 8 semester hourse more physics 
preparation than aia the non-finishers, and the math preparation was similar. 

The enthusiasm and confidence level were measured by a self-evaluation done by 
the participants in response to a questionaire upon completion of the prc-^ran.. 
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program was meeting their goals. 
COMMENTS 

olstncts have one science teacher for all science 9"°« ;1^.) n 

addition, these teachers typically receive lower " f?^," "f,^'" , s,„:,e 

Jl t5oS leS ih^an il pir Srade level, therefore a progr^canno or « a 

Hrr«;i:rti'ra??ictJrtis^Sir^s^f?»JroS'rf ir^J:g?i^'Sio^ 

J«"r a sJi^r 5?oara; o "a^us. However, this model would require Ending for 
sub!loi2lnr?he relocation and housing costs of these low paio teachers to move 
lOO^ioo miles each summer and then return. Another possible model would be to 

l^noIaSs tS occur, ana perhaps proviae beneficial moaels for exploitation of 
these technologies for other educational settings. 

ACKNOWLEDGEMENTS 
Sfel^rtSo^rH^ 

T<;Una University. Appreciation also goes to touriney wiiiib, uaviu r.^ , 

the Uni vers iti of Northern Colorado for the administrative support to oeliver this 
program. 
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Problem: Shortage of Secondary Physics Teachers 



Solutions: 

1) RtCRUiT Scientists/Engineers into classroom 

Strength: Well prepared in content knowledge 

Weakness: A) Lack experience and/or knowledge for 

coping with secondary classroom environment, 
d) Difficult to compete with industrial salaries. 

2) Recruit Retired Scientists/Engineers into classroom 

Strength: Well prepared in content knowledge 

Weakness: A) Lack of experience and/or knowledge for 

coping with secondary classroom environment. 

B) Populations of available participants unknown. 

3) Retrain Teachers from other disciplines 

Strength: Prepared for and experienced in the secondary 
classroom environment. 

Weakness: A) Weak preparation in content. 

ii) Suspect enthusiasm for the discipline, 
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Survey of i^eed : 

220 high school and 135 junior high school principals were sent 
questionnaires^ ^3 responded. 

01: How MANY TEACHERS CURRENTLY IN YOUR DISTRICT ARE TEACHING PHYSICS 
WITH 1 YEAR OR LESS OF COLLEGE PHYSICS? 

25 

02: In your opinion, how many participants would benefit from this 

PROGRAM? 

60 

03: '.^Ihat kind of incentives or rewards are there for participation? 

Salary increments /|0^ 

Job security 355^ 

recognition 2% 

self-satisfaction & understanding 2% 

0^1: Would your district aid in retraining through stipends^ released 
time, etc? 

YES 33/: 

^0 individual teachers identified for participation by thesc 
^3 administrators , 
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Program Phti ni^nPHV 



Process of teaching physics content to these teachers 
should be a model of teaching that they can use. 

"Teach as they were tauc " 

The program should: 

1) rielp identify misconceptions that are a 

"confusing filter" to developing CONCEPTS OF PHYSICS. 

2) Utilize effective problem solving skill building. 

3) Rely on observation of phenomena to develop 
abstract conceptual models. 

^) Reduce anxiety about physics being "hard". 

5) liuild confidence and enthusiasm. 

5) 6E offered at a place and schedule that ALLOWS 
CONTINUED FULL-TIME EMPLOYMENT. 
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Curriculum 

Preparatory Physics 

Physics I: (Iechanics 

Physics II: Heat^ Sound^ and Light 

Physics III: Electricity and Magnetism 

Physics IV: Modern Physics 

Science Education: Current Problems in Teaching Physics 



Course Schedule (16 months) 

Preparatory Physics: Two-week workshop^ four hours/day 



Physics I- IV 

lilEEK 1 

Week 2 
,/eek 3 
Week ^ 



Four week cycle repeated 12 times 

^ HOURS^ Thursday evening 

3 hours^ Saturday 

^ hours^ Thursday evening 

Self-study 



Science ld: ^ hours^ Thursday evenings (10 weeks). 
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i: VALUATION : 

1) Student coinITEnt comprehengion will be by standardized post-test 
and class performance. 

2) Student enthusiasm^ confidence^ and self-satisfaction will be 
by questionnaire. 

3) Program structure^ content^ and delivery will be by question- 
naire. 

oluESTiON S Comment : 

liow can this program^ if as successful as anticipated^ be modified 
TO reach the teachers in rural areas. 

Characteristics of the problem: 

1) One-to-four science teachers for districts that graduate 
less than 100 students per year and cover 300-^00 square 

MI LES . 

2) Salaries very low^ often 50% of metropolitan area salaries. 
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Participant Profiles / Grad Profiles 

(11 FEMALE> 17 male) / Q\ FEMALE, 11 mLE) 



Uhdergraduate majors 

uIOLOGi 
CricIMlSTRY 

Physical Science 
Ear"': Science 
Science lducation 

Science Preparation ; 

Semester Credits 
flATH Preparation: 



li3 / 

2 / 

2 / 

1 / 

2 / 



7 
1 

1 

0 



iJlOLOGY 

23 



Mathematics 2/1 

Physical Geography 1/1 

Physical Education 1/1 

Industrial Arts 1/1 

Home Economics 1 / 3 



Chemistry Earth Science 
13 11 



Introductory Calculus or beyond 

College Alglbra, Trigonometry, or Precalculus 

Technical or General Mathematics 



W / 

11 / 
3 / 



9 
'I 

O 



Pr e test : / Pqsttest 

Standardized against students who have completed one year 

OF COLLtGE PHYSICS. 



Physics 

3 



percentile 



pretest(tjrqps) pRF-n;sT(GRAns) posttest 



91-39 


0 


0 


3 


± 


7 J - b;l 


1 


0 






X- 73 


6 


• 2 


i\ 


5 


23 - 33 


i\ 


1 


:> 


3 


3 - 20 


J6 


9 


7 


^1 




27 


J3 


3 


15 
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Budgeted Expenditures: THA-MASTER, Univerbity of Northern 



Colorado 

bal ance 



SCI :08 Refresher Course (3 Q.H.) 

l^allace Aas, Instructor 



SCI 515 Physics I (4 Q.H.) 

Paul Lightsey, Instructor 
Wallace Aas, Assistant 
Courtney Willis, (honoraria) 



SCI 516 Physics II (4 Q.H.) 

Wallace Aas, Instructor 
Ralph Engardt, Assistant 
Courtney Willis, (honordria) 
David Reid, (honoraria) 



SCI 517 Physics III (4 Q.H.) 

Paul Lightsey, Instructor 
Courtney Willis, Assistant 
David Reid, (honoraria) 



SCI 518 Physics IV (4 Q.H.) 

Paul Lightsey, Instructor 
David Reid, Assistant 
J-'-in Iretney, (honoraria) 



SCED 680 Problems in Teaching Phvsics 
(4 Q.H.) 

Paul Lightsey, Co- instructor 
Wallace Aas, Co-instructor 



Site Director 

Pa;jl Lightsey 



Grant, Long Island University 
FIPSE 



Insurance 
Computer Usage 



11/8.08 



15/0. 
785.40 
112.20 

2468.39 



1570.79 
700.00 
112.20 
112.20 

2f9u.l9 



1570.79 
785.42 
112.20 

2468.41 



1570.79 
785.42 
112.20 

2468.41 



1178.11 
1178.11 
2356.22 



1683.03 



■IblOO.OU 



100.12 
25.20 



1178. Ob 



3646.47 



6U1.66 



8510.0/ 



11078.4fa 



1 3434. 7U 



15117.73 



17. 7o 



153.05 
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UNC Credit 



220 



-153.05 



-0- 



THA-MASTER ROSTER 



UNC 



Allen Balczarek 
853 S. Coors Dr. 
Lakevood, CO 80228 
Ind. Arts 

Skinner M.S. -ind art 



Marshal Hanks 
2925 S. Mobile Way 
Aurora, CO 80013 
Physical Science 
Thomas Jefferson HS 



- chem & physics 



Marsha Barber 

1868 B South Ammons 

Lakevood, CO 80226 

physical Geography 

Deer Creek JHS - earth sci 



Rodman Hayes 
3450 Estes St. 
Whcatridge, CO 80033 
Biology 

Ken Caryl JH - math 



Pete Brayton 
2612 S. Logan f/3 
Denver, CO 80210 
Biology 

Arapahoe HS - physics 



Ron Jones 

3330 Mirage Dr. 

Colorado Springs, CO 80918 

Physical Science 

Wasson HS - physics 



Cindy Church Peggy McCoy 

Biology Dept. 6516 S. Flower 

UNC Littleton, CO 80123 

Greeley, CO 80639 Biology 

Biology not teaching this year 

GTA- biol 



Julian Clark 
8248 Acoma Way 
Denver, CO 80221 
Biology & Chemistry 
Montbello HS - physics & e.s. 



Jack Simpson 
5320 W. Kentucky Ave. 
Lakewood, CO 80226 
Physical Education 
Denver PS - pe & ind art 



Ray Coddington 
1868 Northview Dr. 
Colorado Springs, CO 80909 
Biology 

Wasson HS - chen & biol 



James Skadden 

7025 Defoe Ave. 

Colorado Springs, CO 80911 

Mathematics 

Wid^ field HS - physics & ascronomy 



John Davidson 
10110 W. Warren Dr. 
Lakewood, CO 80227 
Earth Science 

Denver West HS - earth sci & physi 



MaryAnn Varanka 

P. 0. Box 3173 

Estes Pa, c, CO 80517 

Biology 

Estes Park HS - chem & biol 



George Franklin 
18942 E. Kansas Dr. 
Aurora, CO 80017 
Biology 

Aurora MS - physical sci & life sci 
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College of Arts and Sciences 
Dtpartment of fhytks 




University/ of 
Northern Colorado 



(303) 351-:%! 



December 17, 1984 



Dear Colleague: 

The shortage of physical science/physics teachers continues and 
will potentially worsen as many school districts increase gradua- 
tion requirements in sciences. One way of reducing this shortage 
with relatively limited resources is to retrain teachers from 
other disciplines and to enhance the preparation of teachers 
currently teaching physical science/physics with limited background. 

The Hellman Academy for Mathematics cind Science Teacher Education 
Retraining (THA-MASTER) model program, has been developed and 
successfully implemented by the Brooklyn Campus of Long Island 
University. Funding for this program has been fron the National 
Science Foundation (NSF) and the Fund for Improvement of Post 
Secondary Education (FIPSl). The Physics Department of the Uni- 
versity of Northern Colorado is proposing to implement this program 
as a dissemination site under FIPSE funding. 

The program is for individuals who have classroom teaching experi- 
ence, a minimum of one year of college level scie ^es, and a desire 
to either become or improve as a physical science/ physics teacher. 
The first course in the program is a preparatory course to compen- 
sate for undergraduate deficiencies in physical science. This course 
does not carry graduate credit. Following are four courses that 
cover the essential content of physics integrated with pedagogic 
rraterials addressing appropriate techniques and materials to be used 
in grade levels 7-12. A final course on societal issues related to 
pnysics is presented. The courses are scheduled over a 15-month 
period: two summer sessions and the interim academic year. 

We would appreciate your assistance in assessing the need for a 
program such as described above and help in identifying a pool of 
candidates to participate in this program by responding to the 
attached questionnaire. 

Sincerely, 




Paul A. LigKtsey, Ph.D. 
Chairperson, Department of Physics 



PAL/crw 



The Uni¥entty of Northern Cohndo is fully commtned to Affirmsttve Action snd £quit Opponumry. 
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UNC Physical Science/Physics Retraimng Sj^. 



Name: 
Address: 
Telephone: 
School/District: 

1. What are the current staffing needs in high school physics and high school/ 
junior high physical science courses in your school and/or district? 



2. Approximately how many teachers in your school and/or district are currently 
assigned to teach physical science and/or physics classes, but have less than 
one year of college physics preparation? 

3. How many teachers in your school and/or district having limited physics prepara- 
tion would benefit from participation in a program as described? 

4. What incentives or rewards would there be for such a person in your school and/or 
district to pursue this program (e.g. salary increments, job security, recogni- 
tion, etc.)? 



5. Would your district administration be willing to aid in retraining of these 
individuals through stipends, released time, etc.? 



6. What would be your estimate of the number of teachers in your school and/or 
district who would desire to participate in this program.? 



Please list the names and addresses of individuals that you feel would benefit and 
be interested in this program on the reverse side of this questionnaire. 

Please contact me if you have any questions regarding this questionnaire or the program, 

Questionnaire should be returned as soon as possible to: 

Paul A. Lightsey, Ph.D. 
Chairperson, Department of Physics 
University of Northern Colorado 
Greeley, CO 80639 
Telephone: (303) 351-2961 
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College of Arts and Sdcncet 




Greeley, Colorado 8063^ 
(303) 351-2961 



April 26, 1985 



Dear Colleague: 

We are pleased to announce that the University of Northern Colorado has received a 
grant to implement a model program, TOA-MASTER, for retraining teachers from other 
disciplines in physics/physical science or to enhance the training of those currently 
teaching in physics or physical science courses. A brochure is enclosed that farther 
explains the program. 

The grant will allow this program to be offered at a reduced tuition ($25.00/credit 
hour + course fees). Tie course fee structure has not been determined at this time, 
but negotiation^ are in progress to keep the cost to the participant low. Enroll- 
ment will be limited to 30 participants maximum, 15 minimum. 

The courses will be offered in the Denver-Metro area in an evening and weekend format. 
The preparatory course will be scheduled two nights per week for five weeks starting 
in late July* The next three courses will be offered, one per quarter, through the 
academic year. These will be offered in a pattern of Thursday evening of week one, 
all day Saturday of week two, Thursday evening of week three, and week four off. 
Then repeat twice more for a total of eleven weeks. The last two courses will be 
offered next summer. 

The courses will be focused on developing content knowledge and the associated observa- 
tional and problem solving skills. This development will be achieved by classroom 
methods that can be models for the program participants to use in their own classrooms. 
The models will incorporate a multi-experience approach consisting of laboratory 
exercise, lecture-demonstrations, video, text and computer-assisted instructional 
materials. As fundamental physical concepts are developed, technological applications 
and related societal impact will be integrated into the course content, 

Tne final course of the program will examine a series of topics related to science 
education. Some examples of such topics would be cognitive skills development, 
educational technologies, social -economic concerns related to equipment and supplies 
availability, teacher support system, minority student support system^, and alterna- 
tives to classroom experiences that might be developed through cooperation with 
industry. 



ERIC 



The Untventty of Northern Colorado is fully committed to Affirmative Action and Equal Opportunity 



Please share this information with your colleagues. If you or your colleagues desire 
additional information and/or application forms, please contact: 



Paul A. Lightsey 
Department of Physics 
University of Northern Colorado 
Greeley, CO 80639 
Telephone: 351-2961 

Since admission is limited, interested candidates for this program should apply 
promptly. 



Sincerely, 




PAL/db 
Enclosure 
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TO: Persons expressing interest in THA-MASTER program. 



FROM: P. A. Lightsey 
DATE: May 22, 1985 

Thank you for your interest in TKA-MASTER program. An application form is 
enclosed. We will make initial selection of participants on June 14, Applications 
received after June 14 will be considered on a "space available" basis. 

The preparatory course will run four hours a day, Monday through Friday for 
two weeks, Aug. 5 through Aug. 16. The remaining courses will run on a four week 
cycle during the academic year. The cycle will consist of a Thursday evening 
during week 1, all day Saturday at the end of week 2, Thursday evening during week 
3, and week 4 free for self-study, recuperation, and regrouping as necessary. The 
courses will employ laboratory exercises, demonstrations, video, and computer assist 
activities and encourage exploration of other effective learning strategies to be 
used "outside" of the scheduled class time. One of the goals is to have these tech- 
niques be useful to participants as models for their own teaching of physics. 

If you have additional inquiries, please contact: 

Paul A. Lightsey 
Department of Physics 
University of Northern Colorado 
Greeley, CO 80639 
Phone: 351-2961 



Urnvtrsity of Northern 



THA-MASTER 



The Hellman Academy for Mathematics and Science Teacher Education Retraining 
Funded by The Fund for the Improvement of Post Secondary Education 
United States Department of Education 



1 • Name 



2. Address 



3. Telephone Number 

4. Business Address 



5. Business Telephone Number 

6. Social Security Number 

7. Date of Birth 



8. High School ^ Date of Graduation 

9. Undergraduate University Date of Graduation Degree 

10. Graduate Uhiversity Date of Graduation Degree 



11. Mathematics courses taken in college (undergraduate and graduate). 



Major 



Minor 



Title 



Credits 



Graae 



University 



Date 



12, Physics courses taken in college (undergraduate and graduate). 



Title 



Credits 



Grade 



University 



Date 



13* Other science courses taken in college ^undergraduate and graduate). 

Title Credits Grade University Date 



14. Pertinent high school courses in mathematics and science. 



15. Teaching Experience 

Please list, starting with your current position, your teaching experience 
from 1981. 

Position School Grade Level Subject 



16. If you are not currently teacning, or have not taught in the past five 
years, explain why. 



Er|c SMS 



17. List all Colorado Ce^tif icatio:. tndurseme»)ts you hold. 



18. Briefly explain your reason for applyinq to tnis program. 



19. Scores (if available): SAT ACT GRE 



Transcripts of undergraduate and graduate study ano two letters 
of recommendation should be submitted with this application to: 



Paul A. Lightsey 
Physics Department - Ross Hall 
University of Northern Colorado 
GreeV?y, CO 80639 



Date Signature 
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Interim Report: THA-M/vS: Li. 



In February, 1985, the University of Northern Colorado Physics Department was 
selected as a site for the THA-MASTER Program administered by Long Island University 
and f nded by FirSE, From previous surveys conducted by the UNC Physics Depart- 
ment, an off-campus program in the Denver metropolitan area was determined to be 
the most efficient in rei^ching ^he largest potential audience. A brochure advertising 
the prograai was distributed during the spring to all high schools and Junior high 
schools in the metro area (brochure enclosed) . Initial inquiries for applica- 
tion materials exceeded 30. Thirty-one applications were completed and 28 participants 
are currently enrolled in t'&e program (10 female, 18 male). Class roster is enclosed. 

The preparatory course was taught during August 1985. Chervy Creek high School 
was choi 3n as the delivery site being central to the Boulder, Denver, Colorado Springs 
area from which participants resided. A syllabus and class materials were prepared 
by Wallace Aas and was assisted by Paul Lightsey in the instruction of the course. 
(Sample set of materials enclosed along with class roster) . This course was 
delivered xn 10 afternoon sessions over a two week period. The students received 
three crf^dits (quarter hours). The standard student evaluation survey instrument 
was administered upon completion of the class. Results will be forwarded at a 
later date (form enclosed). 

The first content course, mechanics, started in September, 1985. The course 
is ling taught by Paul Lightsey, with Wallace Aas assisting. In addition, Courtney 
Wi Is, a master high school teacher at the University of Northern Colorado Labora- 
tory School is being used as a resource person in this course. The course is being 
taught in a Tnursday evening, all-day-Saturday, Thursday evening format. The 
cc nlete schedule for the first four courses is enclosed. 

A standatized test over physics content was administered as pretest. A similar 
test will be administered as a post-test upon completion of the fourth content course. 
The results of the test indicate a deficiency in knowledge of physics by the class 
as a whole, consistent with the cbjectives of participant selection. 

Student evaluation forms will be administered upon completion of each course. 
In addition, adaptations of the sample forms developed by Carole Kazlow will be 
administered to students upon completion of the third course (second content course , 
and sixth course. The instructor participation forms will be filled out b\ all 
faculty participating in the program. 

Currently, $750 for project director salary has been encumbered for Paul 
Lightsey, and $1176 for instruction of the preparatory course have been encumbered 
for Wallace Aas. An additional encumbrance of $1568 for lecture, $784 for lab 
instruction, and $200 hcnoraria for inviting master tea' ' ers to make presenta- 
tions is anticipated for each of the four content cours 5 to be taught Fall, 
Winter, Spring rnd Summer Quarter. An encumbrance of $1176 for instruction and 
$200 honoraria is anticipated for the pedagogic course next summer. An additional 
encumbrance of $750 for project director is anticipatzed, leaving $1042 for a 
travel budget. Anticipated travel would be for Wallace Aas and Paul Lightsey to 
attend the March meeting of NSTA in San Francisco and for Paul Lightsey to attend 
thf January meeting of AAPT in Atlanta. 
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The University 



The University of Northern Colorado lb uniquely qualified to provide 
retraining programs for teachers of Science. One of the major goals and missions 
of the University is the training of teachers. Indeed, UNC has long been recog- 
nized as a leader in this area and has been desigitated by the Colorado Commis- 
sion on Higher Education as the premier teacher education institution in Colorado. 

Most all academic departments at the University are involved in teacher 
preparation. This includes the Departments of Biology, Chemistry, Earth Science, 
and Physics which, in addition to having strong undergraduate programs leading to 
graduate and professional schools, take pride in training the secondary school 
science teachers for the state of Colorado. Furthermore, th^ faculties of each 
of these departments Is involved with the supervisicn of student teachers which takes 
these faculty members to many of the schools atate-vide and brings t^em into 
contact with many of the science teachers aro^ind the State. Secause . " this the 
faculty in Biology, chemistry. Earth Science, and Physics have close ties to high 
school science teachers and to secondai-y schools stctewide ^ Turthermore, the science 
faculty provide much of the state leadership for organizations dedicated to 
excellence and innovation in science education such as the Junior Colorado-Wyoming 
Academy of Science, Colorado Biology Teacher AssociatW, National Science 
Teacher's Association, American Association of Fhysics rear».ers. National AS':^ocia- 
tion of Geology Teachers, and the Education Section of the Amsrican Chemical 
Society. In addition the University and the science faculty ha^x been rcsp^'nsxble 
for providing summer educational experiences for outstarding upper lev^l high school 
science students through the Frontiers in Science Institute which is funded by 
private industry located in Colorado. Adt/.tloD'T long t«rm interactions between 
the University and Colorado seconr^ary schorlt include a e^^^SBoeT prr^rcra for gifted 
and talented secondary school students, a 'Colle^f, for Slws" sv . program which 
includes innovative science <^ourses, a sclev>ce vid station day p. .am for secondary 
school students and their teache^*3 as well ^3 nnnjal educatfon conference for 
Colorado and surrounding area edu^atois. Thn faculty members participating in 
THA-MASTER program present lectureSf -'emon^.t rations, and activities for the^re 
programs annually. 
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PORTLAND, MAINE PUBLIC SCHOOLS 



PORTLAND PUBUC SCHOOLS 
Portland, Maine 



LONG ISLAND UNIVERSITY MATHEMATICS PROJECT 
Final Report 
July 1987 



Long Island Math Project 
Portland Public Schools 
Ricliard L. Whitmore 
Assistant Superintendent/Secondary 
331 Veranda Street 
Portland, Maine 04103 
(207) 775-0900 



Project Context: 

The context of this project is to fill the gaps in the Portland Public Schools' Math 
Department stemming from a national teachers shortage in mathematics. Prior to 
the funding, the project was nonexistent. The project is tending toward success given 
that two Long Island participants have already been placed in secondary mathematics 
positions. Also, given that the staff at Deering contained teachers qualified to teach 
the Long Island Project (LIP) has lead to its preliminary success. This peer-teaching-peer 
relationship is one of the most beneficial aspects of the Portland project due to the 
increased availability of the instructors to tne students. 

Our organization has 2,400 students and roughly 25 secondary mathematics teachers. 
The Portland Public School System enjoys a local, state, and national reputation for 
educational leadership and achievement. The school system is proud of itz ':^'cellent 
program of study, good discipline, and renovated and new buildings. Alternative educa- 
tional programs are available. Test results are aggressively used to improve student 
achievement, teaching, and administrative staff performance. There are active staff 
development programs for teaching excellence - the Long Island Math Project is 
one example. Because of such programs we were able to accomniodate the LIP without 
significant changes in school policy or organization. 

The best feature for Portland adopting LIP was having qualified instructors on the 
math staff capable of implementing the LIP objectives. Teachers Dorothy Kelleher 
and Larry Wheeler were weL prepared to implement and to execute the program tasks. 

The students in this Portland program consisted of teachers ft., n elementary, middle 
and high school levels. Two teachers had degrees in mathematics; the remaining partici- 
pants did not have math degrees. All participants expressed an interest in math and 
a desire to teach advanced secondary levels, it seems that they will be able to fulfill 
their goals through this project. 

Funding came from the Portland Public School System and the participants besides 
Thamaster* 

The Portland Public Scliools guaranteed a minimum enrollment of twelve participants 
and w Jd reimburse Lor^ Island University $1,355 dollars per teacher per course. 
The teachers agreed to re) mourse the Portland Public Schools $650.00 if they completed 
the six courses. 
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There were no major changes in timetables, emphasis, and support as outlined in the 
original project conception. 

Backgroung and origins: 

In the spring of 1984 we were approached by Long Island University to participate 
in the teacher training project. Dr. Madeleine Long, Director, Brooklyn University, 
Dr. Peter Greer, former Portland Superintendent of Schools and Mrs. Eve Either, former 
Assistant Super interdent/Secondary met to discuss the program. After Dr. Long describ- 
ed the project il was decided that Portland would participate in the ^>rogram. We 
began recruiting teachers to participate in ths project. Due to a change n Assistant 
Superintendents, the project did not begin until September 1985 and endirg in June 
1987. 

Project Results: 

As a result of completing the project, two participants are teaching at the secondary 
level and two more anticipate entering math teaching during 1987-88. 

Considerable math faculty interaction has resulted from LIP. A network of professional 
"helping" is evident among program participants. Dissemination is evident in secondary 
student achievement resulting from additional content acquired by participants. 
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Model Site 

THA-MASTER 
Long Island University 
Model Math matics Retraining Program 

supported by 

The Fund for the Improvement of 
Postsecondary Education 

(FIPSE) 
Department of Education 
1983-1986 
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A Proqram to Prepare 
Teachers of Mathematics 

Fhis pri)in im. deveU»ped in respimse to a cntica' leed 
tor niiithemati **» teachers, offers a unique opportunity 
to a sele*.t ^roupot students Its purpo^^e is to prepare 
persims to become junior and senior high schtx)! 
mathfmatics teachers The prv^gram will f>egin during 
the second summer session of 1985 at T-^fxas Woman's 
Lnnersty in E^enton 

The mode! for this program v\^s developed £:t Long 
Island University and is now being offered at several 
sites across the countiv, where adaptions of the model 
are being incorporated The resulting network is effec- 
ti\eK using the model, which was designed for non- 
mathematics majors, to produce successful teachers of 
mathematics 

Program Highlights 

• Graduate courses specifically designed for prospeciiVc 
leachfrs of mathematics 

• Unique Course schedule and contact hour \'\at\ 

• 18 semester credit hours m mathematics 

• Lectures and small discussion groups 

• Individual academic counseling and advising 

• Opportunity to qualify foi the Master of 5n:ience or 
Master of Science in Science EduCtition degree 

• Opportunity to qualify for certification at the 
secondare ie\el in mathematics 

• Limited tuition scholarships available 



Staff 

Site Project Director 



Dr Rose Marie Smith 
Chairman, Department of 
Mathematics, Computer 
Science, and Physics, 
Texas Woman's University 



Other TWU Staff Include- 

Professor John Christy 
Associate Professor Bobby Fincher 
Associ-ite Professor Turner Hogan 
Associate Professor Lee Kennedy 
Assistant Professor Frances Thompson 
Lecturer Cat hen ne Banks 

Eligibility Requirements 

• To be eligible for this program you mu^t seek seci^n- 
dar\' certification, recertihcation, or additional certifica- 
tion in mathematics as a teaching field 

• Have completed one year of colle;*,e mathematics 

• Qualify for admission fo the 'xas Woman's Univer- 
sity Graduate SchcK)l and/or Certification Program 

Yearly Schedule 

The mathematics courses offered are 

MATH 5903 Survey of Mathematics I Sum II 1985 
MATH 5903 Sur\ey of Mathematics II Fall 1985 
MATH 5903 Applied Calculus I Spring 1986 



MAI 1 1 Applii'd C.ikulus II Sun) I 19H6 

MAIM =i^)3 Survt'v of Mi»dern Math Sum I 1986 
MATH =i9()3 History of Mathematics Sum II 1986 

In tht* operation and administration of the project and 
in the selection of participants, Texas Woman's Univer- 
sity will nv)t discriminate against any person because 
o\ race, creed, color, sex, age or national origin. 

Other sites offering the 
THA-NASTER 

Long Island Universily 

Dr Madeleine J. Long 

Institute for the Advancement of Mathematics and 
Science Education 
One University I'laza 
BriH)klyn, N Y 1 1201 
(718) 4()3-l()56 



Beaver College 

Dr. A, Richard f'olis 
Office of Graduate Studies 
Easton and Church Roads 
Glenside, Pa. 10938 
(213)572-?900 



Trenlon Slale College 

Dr Michael lannone 
Office of Academic Affairs 
Hillwood Lake CN 550 
Trenton, NJ. 08625 
(609) 771-2269 



University of Miami 

Dr Gilbert J. Cuevas 

SchiH)! of Education and Allied Professions 
P.O. Bi>x 24860.S 
Miami Fl. 33124 
(305) 284-^301 

Arizona State University 

Dr U'hi T. Smith 
Department of Mathematics 
Tempe, A/. 85287 
(601) %3-3951 

Texas Woman's University 

Dr Rose Mane Smith 

Chairman, Department of Mathen^atks, Computer 
Science, and Physics 
P.O Box 22863 
Denton, Tx 76204 
(817) 566^335 

University of northern Colorado 

Dr, Paul Lightsey 
Department of Physics 
Greeley, Co 80639 
(303) 351-2%1 

Western Oregon State College 

Dr Robert Mam 
Department of Mathematics 
343 Monmouth Avenue, 
North Monmouth, Or, 97361 
(503) 838-1220 ex 443 
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Texas Woman's University 
Department of Mathematics, Computer Science and Physics 

A PROGRAM TO PREPARE TEACHERS 
OF MATHEMATICS 



Model Site 



THA-MASTER 
Long Island Universit- 
The Model Mathematics Retraining Program 

supported by 

The Fund for the Improvement of 
Postsecondary Education 
(FIPSE) 
Department of Education 
1983-1986 



Site Project Director: 

Dr, Rose Marie Smith, Chairman 
Department of Mathematics, Computer 

Science and Physics 
Texao Woman's University 
i^enton, Teras 76204 



The THA-MASTER project entitled "A Program to Prepare Teachers of 
Mathematics" began at Texas Woman's University during the second 
summer session of 1985. Coursework continued during the fall of 
1985 and spring of 1986. During these three semesters the parti- 
cipants were enrolled in two courses in precalculus and the first 
semester of introductory calculus following the curriculum of the 
Model Site, A graduate student worked with the participants to 
provide tutoring and other help during tba entire project. This 
support was particularly useful during the beginning of the project 
when the students needed good experie^.^es in mathematics in order 
to learn content and gain confidence. During the summer of 1986 
three courses were taught. Hard-working, highly motivated partici- 
pants and qualified, talented faculty produced twenty able 
secondary mathematics teachers through this project. These teachers 
will be productive in Texas mathematics classroom? ^'or a long time. 
This project has been the beginning of an exciting journey in under- 
standing, appreciating and learning to impart mathematics for these 
paxticipants . 



A PROGRAM TO PREPARE TEACHERS OF MATHEMATICS 
Department of Mathematics, Computer Science 

and Physics 
Texas Woman's University 
Denton, Texas 76204 



A PROGRAM TO PREPARE TEACHERS OF 

MATHEMATICS 
Dr. Rose Marie Smith, Chairman 
Department of Mathematics, Couputer 

Science and Physics 
Texas Woman's University 
Denton, Texas 76204 
817-898-2166 



The Department of Mathematics, Computer Science and Physics at Texas 
Woman's University has a long history of preparing mathematics teachers 
in the State of Texas. Currently, Texas is fa-ing a severe shortage of 
competent mathematics teachers. There are, however, many teachers of 
other disciplines who have always had an interest in mathematics who 
find that investing in the task of learning mathematics has great 
potential for them. There are many opportunities in the geographical 
area around Denton, Texas, which includes the Dallas-Fort Worth area, 
for persons with ability, interest and credentials to teach 
mathematics. 

The THA-MASTER provided a curriculum model very compatable to the 
curriculum used in the Department at TWU. After talking with D' . 
Madeleine Long, the faculty at TWU were convinced that this was a 
project that would be successful at TWU. Their commitment to the 
project accounted for a great portion of the success we enjoyed. 

Some of the students who attempted the project could not perform on the 
time line implemented. They had to work at a less challenging pace. 
In some instances they were unwilling or unable to acnieve success at 
any pace. They, however, had tried and this was imprrtant. 

Twenty students completed the project. They will be contribut:' ig to 
mathematics education for a long time to come. They are teaching in 
large systems and in small systems. Denton is on the northern edge of 
the Dallas-Fort Worth metroplex. We are surrounded by large urban 
settings and small rural communities and many setting in between. 

This was a successful project for TWU. We are pleased to have been 
selected to be a part of what we believe is a very creative approach 
to preparing teachers of mathematics. 
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A Program to Prepare Teachers of Mathematics 
Department of Mathematics, Computer Science and Physics 
Texas Woman's University, Denton, Texas 



FINAL BUDGET 
July, 1985 - December, 1986 



Salary for Site Director - Dr, Rose Marie Smith $ 3,132 

- 1/12 of contract amount for Fall and Spring semesters 

Salary for Administrative Assistant 7,333 
Graduate student for tutoring sessions 
Summer, Fall, 1985, Spring, Summer, 1986 

Advertising for Recruiting Students 1,063 

Operating Expenses including brochure, 3,072 
mailing, travel, supplies and duplicating 



TOTAL $14,600 

Five hundred dollars ($500) was provided from the TWU 

site for the Dissimination Conference, One of the participants 

accompanied Dr, Smith to the Dissimination Conferencs. 500 

Original Contract Total $15,100 



Texas Woman's University provided secretarial support and 
office space for the personnel involved in '*A Program :o 
Prepare Teachers of Mathematics** for che eighteen months of 
the project. In addition, the salaries for the teachers of 
record were paid by TWU, Indirect costs and fringe benefits 
wo:e also contributed by TWU. 

Amount of office support ^ 5,400 

Amount of salary support 16,845 
Amount of Fringe Benefits 2,970 
An.uunt of Indirect Costs 1,200 
TOTAL TWU SUPPORT $26,415 
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Texas Woman's University announces 

A Special Program to Prepare 
Teachers of Mathematics 
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FY 1986 MATHEMATICS. SCIENCF AND COMPUTER SCIENCE 
TEACHING IMPROVEMENT GRANT PROGRAM 

FINAL REPORT SUMMARY FORM 

86>99200S-1800 
(Contract Number) 

Institution: Trenton State College 

Project Tl^le: A Program to Retrain Teachers in Mathematics 

Date : February 15 1 1987 

Amount of Grant Award: $30,000 

Amount Expended: $30,000 (unaudited) 



Balaiice (unexpended funds) : ^0^ , 

Major Accomplishments: The "Program to Retrain Teachers in Math^-^atics" was 

implemented as proposed. The program consisted of 
eight graduate courses designed tc lead the project 
participants to certification in matheratics. 
Thirty-four individuals began the program and two more 
were added mid-stream. Of these, 19 completed the 
program and 22 either have or will receive 
certification. T>-* project actually surpassed the 
original expectations in that when initially conceived 
the target population vas 25 participants with a 
success rate of 60 percent predicted. The number of 
participants was increased to accommodate the 
Department of Education request for more teachers from 
urban districts. 

The college wishes to thank the Department of Higher 
Education, the Department of Education, and Long 
Island University (FIPSE) for their support of this 
project. As a result the pool of prospective 
mathematics teachers within our state has increased 
substantially. 

Number of Students Served or Project Participants: 

(where appropriate) 36 

Number of Course Affected 

(where appropriate) 8 
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The program to Retrain Teachers In Mathematics was Implemented as proposed. 
This final report offers an overview of the program accomplishments. 



RATIONALE 

At the time cf Initial discussion of the program* colleges In New Jersey were 
training very few students to teach mathematics In our schools. Additionally, 
there was a docximented shortage of certified mathematics teachers, especially 
In urban districts. This program was designed to offer 24 semester hours of 
graduate credit which in conjunction with the 6 semester hours most 
participants brought to the program and with passage of the mathematics 
specialization test on the National Teacher Examination would lead to 
certification in mathematics. The original proposal targeted 25 participants 
and projected a success rat2 of 60 percent. Thus, it was assumed about 15 
prospective mathematics teachers w^uld be available for our schools. 



SELECTION OF PARTICIPANTS 

The participants in the program were selected from among the 94 applicants who 
applied. In order to attract applicants we utilized (1) mass mailing to each 
school in a five county surrounding area, (2) newspaper advertisements, (3) 
newspaper articles, (4) personal visits to area schools and county 
superintendent round tables » and (5) a special meeting for candidates as a 
result of a letter forwarded to districts from the Department of Education. 

Of the 94 applicants approximately 70 were interviewed and 34 were selected to 
begin the program. All applicants who met the minimum o^allflcatlons for the 
program were interviewed. The final selection was made on the basis of merit 
with teachers currently teaching in urban districts given priority. As a 
result 16 of the 24 urban district candidates and 18 of the 46 non-urban 
district candidates were selected. For the record approximately 30 
applications were not reviewed because they arrived after the deadline date. 
Also, about ten applicants requested mid-stream entry since they had already 
committed to other nlans for Summer 1985. Overall, there were close to 200 
requests for information about the p'^ogram. 
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PROGRAM DESCRIPTION 

The program offered an undergraduate refresher course plus eight graduate level 
ma*:hematlcs courses over eighteen months. The timetable of the course 
offerings Is given below: 

Term Courses t^umber and Title Credits 



Sumner 1985 




MAT 


100 


Refresher Mathematics 


1 






MAT 


510 


Survey of Mathematics 


3 


Fall 1985, 


Ql 


MAT 


512 


Applied Calculus I 


3 




Q2 


MAT 




Applied Calculus II 


3 


Spring 1986, 


Q3 


MAT 


516 


Introduction to Modern Mathematics 


3 




Q4 


MAT 


695 


Topics in Mathematics 


3 


Summer 1986 




MAT 


530 


Geometry 


3 


Fall 1886 


Ql 


MAT 


560 


Linear Algebra I 


3 




Q2 


CSC 


520 


Fundamentals of Computer Programming 


3 



Participants were held to high standards In all courses. The program offered 
the students a strong foundation In mathematics and prepared them to be 
effective classroom teachers. The course description for each of the course 
offerings follows: 

MAT 100 Refresher Mathematics for Teachers 

Review of the essential topics and techniques of high school algebra 
and geometry. 

MAT 510 Survey of Mathematics 

Introduction to analytic geometry. Relations and functions. 
Polynomial functions. Exponential functions. Logarithmic functions. 
Trlgonometri;: functions. Elements of linear algebra. Elements of 
probability and statistics. Applications. 

MAT 512 Applied Calculus I 

The nature of the calculus. Historical Introduction. Functions. 
Mathematical models. Limits. Continuity. Differentiation. 
Applications of the derivative. Limits of transcendental functions. 
Ihe mean-value theorem. Limits Involving Indeterminate form. 
Applications. 
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MAT 5U Applied Calculus " I 

Antlderlvatlves. Fundamental techniques of Integrations. The 
Rl^mann Integral. Applications of the definite Integral. Improper 
Irtegrals. Approximate Integration. Sequences and series. Uniform 
convergence. Power series. Functions of several variables limits 
and » ontlnuity. Partial derivatives. Extreme values. Expansion of 
functions of two variables Into series. Applications. 

MAT 516 Introduction to Modem Mathematics 

Proposltlonal calculus. Mathematical proof. Introduction to set 
theory, The real number system. Cardinal numbers. Denumerablllty* 
Complex numbers. The fundamental theorem of algebra. Introduction 
to number theory. Groups, rings and fields. Euclidean and 
non-Euclldean geoiaevvles. Elements of projective geometry. 
Introduction to topology. Applications. 

MAT 530 Foundations of Geometry 

Postulitlonal methods are discussed and emphasized to give a 
conception of the structure of Euclidean and non-Euclldean 
geometries. Elementary geometry Is reexamined from an advanced point 
of view. 

MAT 560 Linear Algebra I 

A thorough treatment of linear transformations and their 
representation. Topics Include uatrices, bilinear forms, 
eigenvalues, eigenvectors, normal forms, vector spaces, and 
applications. 

MAT 695 Selected Topics In Mathematics for the Secondary School Teacher 

This course Includes '*lfl(. topics relevant to the secondary school 
teacher of mathematlc ^n particular. Number Theory is the focus of 
this course. Discussion centers on divisibility t prime numbers, 
unique factorization, quadratic reciprocity, sums of squares, and 
arithmetic funct^ ms. 

CSC 520 Fundamentals of Computer Programming 

A first course in computer programming for graduate students with a 
sophisticated mathematical background. An algorithmic conputer 
programiu^ng language such as Turbo PASCAL vill be taught assuming no 
prior knowledge, and used to program computational solutions of 
mathematical problems • 
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P ROGRAM RESULTS 

APPENDIX A of this report gives ;.he student performance record of each of the 
participants in the program. A concluding statement indicates the reason for 
non-completion of the program when appropriate. Below is a table of the grade 
distribution for each course: 







A 


B 


c 


D 




p 


WD 


TOTAL 


MAT 


100 


0 


0 


0 


0 


0 


33 


1 


34 


MAT 


510 


14 


8 


4 


3 


4 


0 


0 


33 


MAT 


512 


10 


5 


8 


2 


0 


0 


5 


30 


MAT 


514 


10 


4 


7 


2 


1 


0 


1 


25 


MAT 


516 


11 


li 


2 


0 


0 


0 


0 


24 


MAT 


695 


10 


8 


4 


0 


2 


0 


0 


24 


MA-^ 


530 


13 


6 


2 


1 


0 


0 


0 


22 


MAT 


560 


3 


9 


3 


4 


0 


0 


0 


19 


CSC 


520 


8 


3 


4 


3 


0 


0 


1 





As a result of the program we assume at least 22 of the participants will 
receive certification in mathematics. Obviously the nineteen who finished the 
pre 'am either have or will seek certification. The three studeivis ^^ho 
completed the program after Summer 1986 (six courses) all brought 12 credits to 
the program and either are certified or are seeking certification. In addition 
we know of at least one other that dropped out before the Summer of 1986 who 
has continued taking mathematics courses on her own which will eventually lead 
to certification. Of the thrie who are already certified, two of them are 
currently teaching mathematics for the first time. Several others bave 
indicated that mathematics positions are available to them once they receive 
their certif icatior . A follow up of each of the participants will be taken in 
the fall of the year. 

Summary Lad Conclusion 

In general, we were very pleased with the effoits of the participants. They 
were totally committed for eighteen months at great personal sacrifice. These 
individuals gave up two summers, one academic year, and one additional 
semester, as they traveled to Trenton State College twice week to meet from 
5:00-9:30 p.m. at the snme time they were teaching full schedules during the 
day. The other ni^!its and veekends they worked outside of class on their 
assignments. It was obviously a hardship for some, but they manacled with 
strong family support in some cases and almost no family support \r\ others. 
Only the most dedicated individual could sunrive such a gruelling schedule. 
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In order to receive feedback from the participants ve continually requested and 
received faculty, course, and program evaluations froic the pane 'ri^cmts. A 
sampling of the program evaluations Is given In APPENDIX B. As >ou will note 
the feedback was mostly positive and reflected the efforts of those Involved In 
the project. As a result ve were encouraged to apply for a CYCLE II of this 
program and will soon apply for a CYCLE III. 

It Is obvious from reading this report that ve believe the program has 
accomplished Its major objective of providing the mathematics training to 
prepare the participants for service as mathematics teachers 5.n our state. We 
further believe that this has been accomplished while maintaining high academic 
students and providing high qualify courses. Obviously, as with any program, 
there were a few who did not achieve as veil as others, but ve still bellevr 
that they have a sufficient background to be quality teachers of mathematics. 

Lastly, In APPENDIX C Is a paper delivered by the Project Director at th^ 
Hathcmatlcs Retraining Conference in Puerto Rico in December. It indicates hov 
the program offered meets NASDTEC Accreditfition students. 
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PROGRAM TO RETRAIN TEACHERS IN MATHEMATICS 
CYCLE I 
PROJECT # 86-992005-1800 
AMOUNT $30,000 - DHE 
3,500 - LIU 



Project Expenditures 
I Personnel 
A. 



Directors 'a Stipend - DHE 

- LIU 



B. Summer 85 Instruction 

Instructor 
Associate 

C. Fall 85 Iistructlon 

Instructor 
Ql Associate 

Instructor 
Q2 Assoclo^t 

D. Spring 86 Instruction 

Instructor 
Q3 Associate 

Instructor 
Q4 Associate 

E. Summer 86 Instruction 

Instructor 
Associate 

F. Fall 86 Instruction 



Adjusted 
Budget 

1500 
3500 



3200 
1600 



2000 
1000 

2000 
1000 



2000 
1000 

2000 
'000 



2000 
1000 



Expended 

1500 
3500 



3200 
1600 



2100 
1050 

2100 
1050 



2100 
625 

2100 
1050 



2000 
1000 



Instructor 
Ql Associate 

Instructor 
Q2 Associate 



DHE 
LIU 



SUBTOTAL 
II Non-personnel 

A. Supplies & Cert. Ceremony 



TOTAL 



DHE 
LIU 



2000 
1000 

2000 
1000 

27300 
3500 



2700 

30,000 
3,500 



2100 
625 

2100 
625 

26925 
3500 



2700 

30,000 
2,500 



ERIC 



25 



'J 



ft*** 



TRENTON STATE COLLEGE 
**** 



ERIC 



2Si 



sites for the THA-nASTCR have t>e«n established at the 
foltowlnfl cotleges and u^lvcrsiUfjs: 



flU-NASTEII DISSCNinAllOn SITES 



Or. Michael A. lannone 

Department of NathemaUcs and 

Computer Science 

Trenton State ColicQe 

Hllhtfood Ukes CM 5SO 

Cwing Township, ru 08625-0550 

(609)771-2269 

Beaver Coileoe 
Dr. A. Richard rolls 
Office of Qraduate Studies 
Olenslde, PA 19038 
(215)572-2960 

T^ie University of Miami 
IH. Qltbert A. Cucvas 
School or CducaUon and 
the Allied Health Sciences 
Miami, norlda 53124 
(505) 284-4301 



Uu/Brooktyn Center 
Madctetnt: J. Long 
Project Director 
University Plaza 
BrooKlyn. flew York 1 1 20 1 
(2 1 2) 403- 1 056 



Texas Woman's LMIverslty 
Dr. Rose Marie Smith 
Dept. of Mathematics 
Denton, Texas 76204 
(817) 566-63^5 

University of northern 
Colorado 

Dr. ?ai I A. llghtsey 
Dept. of Physics 
Qreeley. Colorado 60639 
(303)351-2961 



Arizona State University 
Dr. l^hlT. Smith 
Dept. of Mathematics 
Tempe. Ari70i«a 65267 
(602) 965-3951 



Western Oregon State 
CoL.ge 

Dr. Robert Main 
Division of r'dturai 
Sciences 

and Mathematics 
Monmouth. Oregon 97361 
(503) 838- 1220 ext. 443 



Please send an application and additional Information for 
the Mathematics Retraining Progra i. 



Fiease print 
name 



Addr'^ss 
City 



. State . 



-Zip. 



Telephone . 
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A Program to Retrain 
Teachers in NatiieniatiGs 



Trenton State College 



Department of Mathematics 
and Computer Science 




Using 

Long Island University's 
Model Mathematics Retraining Program 
THAMASTER 
riPSEFUhDED 



A Program M Retrain Teachers in Natiieniatics 



At the present time and in the near future there is a 
need for more certified teachers in m«ith^ ..atics 
This program is designed to train non mathemallcs 
teachers in the field of mathematics and to provide 
certification upon successful compietlon of the 
projram. 



ADNISSIOn REQUIRENBNTS 

• Certification in a field other than mathematics 

• Classroom Teaching Experience 

• Completion of at least si^ credits of college 
mathematics 

• Interview with Project Director or Designee 



PROQRAN MIQilLIQIITi 
FOR PARTICIPANTS 

• Tuition free 

• Graduate courses specifically designed for non- 
mathematics majors 

• Two week refresher course will be offered 
!;>ummer 1985 

• Summer courses will meet for six v 16 
sessions, four hours per session. 

• All other courses will meet twice a week« four 
' hours per session, for -jn eight week period. 

• One-half of each session will be the traditional 
classroom lecture - The other half will be a 
laboratory setting including individual 
tutorials, discussion groups, problem solving 
sessions and testing. 

• 24 credits In mathematics will be offered 

• rive of the courses will count toward the 
Master Degree In Mathematics offered by the 
Department 

• Completion of all coui work required for 
certification by December 1986 (full 
certification requires completing successfully 
the national Teacher examination) 

• Provides the opportunity for employment as a 
mathematics teacher. 



STAFF 

Site Project Director: 

Michael A. lannone, Cd.P 

Associate Professor and u apartment Chairman 

Associate Site Project Director: 
David Doliver, Cd.D. 

Associate Professor of Mathematics and 
Computer Science. 



OTHER STAFF INCLUDES: 

Edward Conjura, Ph.D. 

Professor of Mathematics and Computer 

Science 

Charles Ooldberg. ?h.D. 

Professor of Mathematics and Computer 

Science 

Jane Ann McLaughlin, Cd.D, 

Professoi of Mathematics and Computer 

Science 

Siegfried haenisch, Cd.D. 

Professor of Mathematics «ind Computet 

Science 



PROGRAM SCHEDULE 



Sttm^erl989 

MAT 100 Refresher Mathematics for Teachers 
MAT 510 Survey of Mathematics 

rail 1985 

MAT 512 Applied Calculus I 
iiAT 514 Applied Calculus II 

Sprina 1985 

NAT 516 Introduction to Modern Mathematics 
MAT 695 Toplc:3 In Mathematics for Secondary 
Teachers 

Summer 1986 

MAT 530 foundations of Ueometry 

Fall 1986 

MAT 560 Linear Algebra I 
CSC 520 Fundamentals of Computer Program- 
ming 



Trenton State College admits qualified students of 
any age, race, color, national or ethnic origins, or 
handicapped as defined by law. 



FT 1986 MATHEMATICS, SCIENCE AND COMPUTER SCIENCE 



TEACHING IMPROVEMT^T GRANT PROGRAM 



INAL REPORT SUMMARY FORM 

86-992005-1800 
(Contract Number) 

Institution : Trenton State College 

Project Title: A Program to Retrain Teacners in Mathematics , 

Date : February 15, 1987 ^ . 

Amount of Grant Award: $30,000 

Amount Expended: $30,000 (unaudited) 

Balance (unexpended funds) : "0"* 

Major Accomplishments: The "Program to Retrain Teachers in Mathematics" was 

implemented as proposed. The program consisted of 
eight graduate courses designed to lead the project 
participants to certification iA u^thematics. 
Thirty-four individuals began the program and two more 
were added mid-stream « Of these, 19 completed the 
program and 22 either have or will receive 
certification. Thfe project actually surpassed the 
original expectations in that when initially conceived 
the trrget population was 25 participants with a 
success rate of 60 percent predicted. The number of 
participants was increased to accommodate the 
Department of Education request for more teachers from 
urban districts. 

The college wishes to thank the Department of Higher 
Education, the Department of Education, and Long 
Island University (FIPSE) for their support of this 
project. As a result the pool of prospective 
matheiuatics teachers within our state has increased 
substartially. 

Number of Students Served or Project Participants: 

(where approprl^ite) 36 

Number of Course Affected 



(where appropriate) 8 
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The program to Retrain Teachers in Mathematics was Implemented i« prcposed. 
This final report offers an overview of the program accomplishments. 



RATIONALE " 

At the time of Initial discussion of the program, colleges In New Jersey were 
training very few students to teach mathematics In our schools. Additionally, 
there was a documented shortage of certified mathematics teachers, especially 
in urban districts. This program was designed to offer 24 semester hours of 
graduate credit which in conjunction with the 6 semester hours most 
participants brought to the program and with passage of the matheouit^.c.^ 
specialization test on the National Teacher ExamlnatlOiX would lead to 
certification in mathematics. The original proposal vurgeted 25 participants 
and projected a success rate of 60 percent. Thus, it wcs assumed about 15 
prospective mathematiaa teachers would l>e available for our schools. 



SELECTION OF PARTICIPANTS 

The participants in the program were selected from among the 94 applicants who 
applied. In order to attract applicants we utilized (1) mass mailing to each 
school in a five county surrounding area, (2) newspaper advertisements, (3) 
newspaper articles, (4) personal visits to area schools and county 
superintendent round tables, and (5) a special meeting for candidates as a 
result of a letter forwarded to districts from the Department of Education. 

Of the 94 applicants approximately 70 were interviewed and 34 were selected to 
begin the program. All applicants who met the u nlmum qualifications for the 
program were inter /iewed. The final selection was made on the basis of merit 
with teachers currently teaching in urban districts given priority. As a 
result 16 of the 24 urban district candidates and 18 of the 46 non-urban 
district candidates were selected. For the record approximately 30 
applications were not reviewed because they arrived after the deadline date. 
Also, about ten applicants requested mid-stream entry since they had already 
committed to other p?ins for Suxnaer 1985. Overall, there were close to 200 
requests for information about the program. 
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PROGRAM DESCRIPTION 

The program offered an undergraduate refresher course plus eight graduate level 
mathematics courses over eighteen months. Tl.a timetable of the crurse 
offerings is given below: 



Tern 




Courses 


Number and Title 


Credits 


Summer 1985 




MAT 


100 


Refresher Mathematics 


1 






MAT 


510 


Survey of Mathematics 


3 


Fall 1985, 


Ql 


MAT 


512 


Applied Calculus I 


3 




02 


MAT 


514 


Applied Calculus II 


. 3 


Spring 1986. 


Q3 


MAT 


516 


Introduction to Modem Mathematics 


3 




QA 


MAT 


695 


Topics in Mathematics 


3 


Summer 1986 




MAT 


530 


Geometry 


3 


Fall 1886 


qt 


MAT 


560 


Linear Algebra I 


3 




Q2 


CSC 


520 


Fundamentals of Computer Programming 


3 



Participants were held to high standards in all courses. The program offered 
^he students a strong foundation in mathematics and prepared them to be 
effective classroom teachers. The course description for each of the course 
offerings follows: 

MAT 100 Refresher Mathematics for Teachers 

Review of the essential topics and techniaues of high school algebra 
and geometry. 

MAT 510 Survey of Mathematics 

Introduction to analytic geometry. Relations and functions. 
Polynomial functions. Exponential functions. Logarithmic functions. 
Trigonometric functions. Elements of linear algebra. Elements of 
probability and statistics. Applications. 

MAT 512 Applied Calculus I 

The nature of the calculus. Historical introduction. Functions. 
Mathematical models. Limits. Continuity. Differentiation. 
Applications of the derivative. Limits of transcendental functions. 
The mean-value theorem. Limits involving indeterminate form. 
Applications. 
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MAT 514 Applied Calculus II 

Antlderlvatlves, Fundamental techniques of Integrations, The 
Rleman^. Integral. Applications of the definite Integral, Improper 
Integrals. Approximate Integration, Sequences and series. Uniform 
convergence. Power series. Functions several variables limits 
and continuity. Partial derivatives, Ibctreme values. Expansion of 
functlon&t of two variables into series. Applications, 

MAT 516 Introduction to Modern Mathematics 

Proposltlonal calculus. Mathematical proof. Introduction to set 
theory. The real number system. Cardinal numbers, Denxxmerablllty. 
Complex numbers, Tha fundamental theorem of algebra. Introduction 
to number theory. Groups, rings and fields, Euclidean and 
non-Euclidean geometries. Elements of projective geometry. 
Introduction to topology. Applications, 

MAT 530 Foundations of Geometry 

Postulatlonal methods are discussed and emphasized to give a 
conception of the structure of Euclidean and non*-Euclldean 
geometries. Elementary geometry Is reexamined from an advanced point 
of view, 

MAT 560 Linear Algebra I 

A thorough treatment of linear transformations and their 
representation. Topics Include matrice*;, bilinear forms, 
eigenvalues, eigenvectors, normal forms, vector spaces, and 
applications. 

MAT 695 Selected Topics in Mathematics for the Secondary School Teacher 

This course includes specific topics relevant to the secondary school 
teacher of mathematics. In particular, l^umber Theory is the focus of 
this course. Discussion centers on divisibility, prime numbers, 
unique factorization, quadratic reciprocity, sums of squares, and 
arithmetic functions. 

CSC 520 Fundamentals of C mputer Programming, 

A first course in computer programming for graduate students with a 
soph:?sticated mathematical background. An algorithmic computer 
programming language such as Turbo PASCAL vlll be taught assuming no 
prior knowledge, and used to program computational solutions of 
ma lematical problems. 
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PROGRAM RESULTS 

APPENDIX A of this report gives the student performance record of each of the 
participants in the program. A concluding statement indicates the reason for 
non^conpletlott of the program where appropriate. Below is d table of the grade 
distribution for each course: 







A 


B 


C 


D 


F 


P 


WD 


TOTAL 


HAT 


100 


0 


0 


0 


0 


0 




1 

X 




MAT 


510 


14 


8 


4 


3 


4 


0 


0 


33 


MAT 


512 


10 


5 


8 


2 


0 


0 


5 


30 


MAT 


514 


10 


4 . 


7 


2 


1 


0 


1 


25 


MAT 


516 


11 


11 


2 


0 


0 


0 


0 


24 


MAT 


695 


10 


8 


4 


0 


2 


0 


0 


24 


MAT 


530 


13 


6 


2 


1 


0 


0 


p 


22 


MAT 


560 


3 


9 


3 


4 


0 


0 


0 


19 


CSC 


520 


8 


3 


4 


3 


0 


0 


1 


19 



As a result of the program we assume at least 22 of the participants will 
receive certification in math'smftics. Obviously the nineteen who finished the 
program either have or will seeiC certification. The three students who 
completed the program after Summer 1986 (six courses) all brought 12 credits to 
the -orogram and either are certified or are seeking certification. In addition 
we know of at least one other that dropped out before the Summer of 1986 who 
has continued taking mathematics courses on her own which will eventually lead 
to certification. Of the three who are already certified, two of them are 
currently teaching mathematics for the first time. Several others have 
indicated that matl ematics positions are available to them once they receive 
their certification. A follow up of each of the participants will be taken in 
the fall of the year. 

Summary and Conclusion 

In general, we ^^ere very pleased with the efforts of the participants. They 
were totally committed fc eighteen months at great personal sacrifice. These 
individuals gave up two summers, one academic year, and one additional 
semester, as they traveled to Trenton State College twice a week to meet from 
5:00-9:30 p.m. at the same time they were teaching f^ill schedules during the 
day. The other nights and weekends they worked outside of class on their 
assignments. It was obviously a hardship for some, but they jianaged with 
strong family support in some cases and almost no family support in others. 
Only the most dedicated individual could survive such a gruelling schedule. 
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In order l:o receive feedback from the participants ve continually requested and 
received faculty » courses and progratn evaluations from the participants. A 
sampling of the program evaluations is given In APPENDIX B. As you vill note 
the feedback was mostly positive and reflected the efforts of those Involved in 
the project. As a result ve were encouxaged to apply for a CYCLE II of this 
program and will soon apply for a CYCLE III. 

It is obvious rrom reading this report that we believe the program has 
accomplished its major objective of providing the mathematics training to 
prepare the participapts for service as mathematics teachers in our state. We 
further believe that ^is has been accomplished while maltitalning high academic 
students and providing high quality courses. Obviously » as with any program, 
there were a few who did not achieve as well as others* but we still believe 
that they have a sufficient background to be quality teachers of mathematics. 

Lastly, in APPENDIX C is a paper delivered by the Project Director at the 
Mathe: atlcs Retraining Conference in Puerto :ilco in December. It indicates how 
the program offered meets NASDTEC Accreditation students. 



ERIC 



PROGRAM TO RETRAIN TEACHERS IN MATHEMATICS 
CYCLE I 
PROJECT # 86-992005-1800 
AMOUNT $30,000 - DHE 
3,500 ' LIU 



Project Expenditures 
I Petsonnel 
A. 



II 



Directors' 8 Stipend - DHE 

- LIU 



B. Sumner 85 Instruction 

Instructor 
Associate 

C. Fall 85 Instruction 



Ql 



Instructor 
Associate 



Instructor 
Q2 Associate 

D. Spring 86 Instruction 

Instructor 
Q3 Associate 

Instructor 
Q4 Associate 

E. Summer 86 Instruction 

Instructor 
Associate 

F. Fall 86 InFtnictloL. 

Instructor 
Ql Associate 

Instructor 
Q2 Associate 



'^HE 
LIU 



SUBTOTAL 
Kon-personnel 

A. Supplies & Cere. Ceremony 

TOTAL DHE 

LIU 



Adjusted 
Budget 

1500 
3500 



3200 
1600 



2000 
1000 

2000 
1000 



2000 
1000 

2000 
1000 



2000 
1000 



2000 
1000 

2000 
1000 



27300 
3500 



2700 

30,000 
3,^00 



Expended 



1500 
3500 



3200 
160.. 



210D 
1050 

2100 
1050 



2100 
625 

2100 
1050 



2000 
1000 



2100 
625 

210C 
625 

26925 
3500 



2700 

30,000 
3,500 
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IHA-MASTER DISSEMINATION SITES 



Long Island University 
Dr. Madeleine J. Long 
One University Plaza 
Brooklyn. N.Y. 11201 

Beaver College 
Dr. A. Richard Polis 
Easton and Church Roads 
Glenside, PA 10938 

University of Miami 
Dr. Gilbert J. Cuevas 
F.O. Box 248605 
Miami, FA 33124 

Arizona State University 
Dr. Lehi T. Smith 
Department of Mathematics 
Tempe, AZ 85287 

Texas Woman's University 
Dr. Rose Marie Smith 
P.O. Box 22865 TWU Station 
Denton, TX 76204 

University of Northern Colorado 
Dr. Paul Lightsey 
Department of Physics 
Greeley. CO 80639 

Western Oregon State College 
Dr. Robert Main 
345 Monmouth Avenue N, 
Monmouth. OR 97361 

Trenton State Celle];e 
Dr. Mkhael lannone 
Hillwood Lakes CN 550 
Trenton, N J 08625 
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MATHEMATICS 
CmiFIGATIOH 

INSTITUTE 
June 24' August 1 



A Model Program to Retrain Teachers 
to Teach Mathematics 

THA-MASTER 

F .ded by 

The Fund for the Improvement of 
Post-Secondary Education 
(FIPSE) 

Developed by Long I land University 



PURPOSE - to train skilled and experienced 
teachers who are certified in other disciplines 
to heh fill the gap created by the expanding 
demand for mathematics instruction 

PROGRAM HIGHLIGHTS 

Graduate courses 

Unique course schedule 

Regional video presentation of course 
content. 

23 credit hours in tiie FIPSE program lead- 
ing to math certification plus 6 credit hours 
meeting state certification requirements. 
These requirements are met by taki: j Mth 
444^ 447 and 490 (or49U3) plus 2 methods 
courses. (Note: The calculus couise pre- 
sumes sufficient algebraic and trigono- 
metric background) 

Opportunity to utilize the cou.se work in a 
Master of Science program 



STAFF 

Project Director: Dr. Robert Main 
Dr. Beryl Green 
Dr. james Barnard 

Other Staff members to be announced. 
TUITION FOR SUMMER 



3 credits 6 c r edits 
Undergraduate $139 $244 

Graduate $214 $394 



ADMISSION AND REQUIREMENTS 

* Contact the Admissions Office for general 
admission requirements and to receive ap- 
plication forms* (503) 838*1220, ext. 21 1 . 

* Contact Dr. Robert Main, Program Director, 
for a list of program requirements,ext. ^43. 

* Contact Graduate Office, for a list of Pro- 
cedures for Graduaie study, ext. 492. 

SUMMER 1985 SCHEDULE 

Mth 407G Mathematics for Middle School 
Mth 407G Problem Solving for Teachers 
Mth 407G Survey of Math (FIPSE) 
Mth 444G Refresher Math-Geometry (FIPSE) 
Mth 445G Advanced Concepts of Geometry 

for Teachers 
Mth447G Selected Topics - Algebra 
Mth 448G Advanced Concepts of Algebra for 

Teachers 

Mth 490G Concepts of Calculus for Teachers 
ACADEMIC YEAR 1985/86 SCHEDULE 

Applied Cak JiusI (FIPSE) 
Applied Calculus 1 1 (FIPSE^ 
Applied Calculus III (FIPSE) 

All of the mathematics courses listed are 3 
quarter hours of college credit except Mth 
407G Survey of Math which is 4 hours. 



(The courses listed in the 1985/86 academic 
year schedule will be available thoughout the 
region through Western 's I nstant Replay 
program.) 
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FINAL REPORT FIPSE SUPPORTED MATHEMATICS 
CERTIFICATION INSTITUTION 



Mathematics Certificacion Institute-THA-Master Program 

Western Oregon State College 

Monmouth, Oregon 97361 

Project Director: Robert Main, Ph.D. 
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FIIiAL REPORT FIPSE SUPPORTED MATHEMATICS 
CERTIFICATION INSTITUTION 



PROJECT SUiMHARY 

The THA-Master Program became part of the ongoing Mathemtics Certifi- 
cation Institute at Western Oregon S^-^te College during the summer of 1905. 
We have served 59 students in the last two years. The THA-Master courses 
were utilized as part of che Oregon Certification requirements for Basic 
fiathematicr Certification and to enhance our academic offerings. 

A particular dimension of the proyram which is of special interest is 
the utilization of video-tapes to teach calculus to students located in 
rural areas. Western Oregon's Division of Continuing Education has a pro- 
gram called 'Instant Replay". This program is actually a logistical- 
delivery system for presentation of video-taped classes from the campus 
to various sites throughout the state. VJe utilized the Instant Replay 
system and the ITV Calculus course, developed by the Maryland Department 
OT tducation, to instruct our students at two reaional sites At *hese 
centers tutors were hired to meet with the students on a weekly ba>5is and 
to provioe the tutorial support needed. The tapes were also used during the 
past summer on campus for instruction in calculus. 

Mathematics Certiff cion Institute-THA-Master Program 

Western Oregon State College 

Monmouth, Oregon 97361 

Project Director: Robert Main, Ph.D. 

Phone: 603 a38-12r? jxt 443 

HcTie Phone: 503 aj.-2ii33 
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BACKGROUND A[JO OVERVIEW 

H^..?K M^^'^^l^atics Certification Institute was started in response .u the 
demand by teacners from other disciplines to gain certification in Mathe- 
T.lllVn ^5^^denand was caused by: 1) an increase in the mathematics high 
?n SJLJI of ^"'^ ^ S''^^^^'" emphasis upon mathematics 
in Oregon. 2) a tightening of the certification requirements in the state 
fjl. oli niliv ! '^"dgets in many districts forcing teachers in low demand 
areas or newly hired teachers to try and strengthen their credentials. 

,no^ Initially the offerings were bare-bones but the program grew until in 
1984 we were able to offer a minimal set of courses mee?ing the Ba3?c 
^?fS ".^^""^u^'"^'?" requirements. The FPS: grant-TIIA-Master Prograr. 
MhI offerings and take our students further 

tlirTll // ^i^ f ""^ also able to initiate a video-taped calculus course 
whjch we offered at regioral sites. This course will be aiscussed in detail 

The funding of the Institute was primarily through the tuition of the 
participants with roughly 20-30% coming fror. FIPSE. The FIP'^Z funds 
tJtoJs video-taped calculu: program including the ragional 

PROJECT RESULTS 

During ;:he last two years, 59 teachers, certified in oth-r disciplines 
have participated in the FIPSE supported THA-Master Program as part if thi 
n iJr'Jl^^ Certification Institute and Instant Replay program ai; Western 

5^^^%Coll-9e. Of these, 29 have attained Basic Mathematics CerJifi- 
cation. and 3 have attained Advanced Mathematics Certification. There are 
rL??f?rSt?n ^'^^ ^i"^^^"" completed the requirements for Basic Mathematics 
certification or are close to completion but for one reason or another 

All Sl°th?c"?I I? ""-^i^'i'^^tio". (The requirements for certifica- 

fI?oH ^^"^^ ""'^ ^^^"3'" °" January 15, 1987. Cclculus will be de- 

ir!:.''? ! computer science and theory of arithmetic will be added. Several 
Of these students are waiting until the changes take place before applying 

additional 8-10 undergraduate students have opted to 
.?.rt?nn TJ\ul J^'^ ^ "^J^" ^^^e courses. At least one student, after 
III Vr^^i • THA-Master Program chose to attend school full time during 
lal lil t ^-'V" ^"^^"^ Advanced Mathematics Certification, 

bee the Appendix for additional information on the individual students. 

fo.rh^V^".''^ ^" Appendix, many of the participants v.ere previously 
f!! « ? ^ missassignment. (Missassignments are allowec! under Oregon 

In t^^-I?nn -^n' °^ teaching assignment and requires 

no train nq in the discipline in which the tnissassignment occurs . H owever, 
3n ;L°!- -^J-^^ teaching under a missassignment will have some training 
in the Jiscipline.) One obvious conclusion is that the THA-Master Program 
?mn.?r nn Certification Institute in general have had immediate 

impact upon the classes taught by these teacliars. 

The impact of additional training is amplified in rural areas where 
the math staff is small and they must cover a wide range of course offerings. 



27v 



2 



An example, not necessarily typical, is Prineville, Oregon. One of our 
participants, Terry Sime, teaches Math in the Prineville High S'-hool 
During the last two summers and intervening academic year, he has attained 
Advanced Mathematics Certification. During the academic year he took 
the video-taped calculus course, and last summer he took two additional 
classes beyond those of the Institute. Prineville has 4 mathematics 
teachers in the high school and 3 in the middle school. There are 720 
students in the school, ';ome of whom live as far as 55 miles away. It 
IS obvious that the upgrading of one teacher, both in terms of his under- 
standing of t.e subject matter and of his enthusiasm, can have tremendous 
impact in a rural icattle ranching) setting. The major impa ct of the 
program is that addit ional certified teachers have be en provided n.ThP 
state of Oregon . 

We have established that inservice training can be delivered to teachers 
in remote areas through the use of video-tapes. We utilized the ITV 
Calculus program produced by the Maryland State Department of Education. 
The tape: were distributed to regional centers of Western Oregon's Division 
of Continuing Education Instant Replay network. The Instant Replay system 
was devised at Western as a means of providing inservice training to 
students located in rurd Oregon by video taping on camous courses and 
disseminating the tipes to about 50 sites throughout the state. Nine 
students participated in the program for 1/2 of the course. (This is 
sufficient for the lowest level of certification in mathematics.) Three 
students completed the entire calculus course, two of whom have attained 
Advanced Mathematics Certification. These students worked at two sites- 
ba.arn and Bend, Oregon; some of them commuted 30-40 miles once or twice 
a week for viewing the tapes, picking up copies of the tapes and group 
tutorial sessions. The tutorial sessions were crucial to the successful completion 
of the course; therefore, the choice of tutors for these sites was of 
crucial importance. The test evaluation was done on campus, but the 
tes'^ing was done at the sites. A second crucial factor was having a small 
gro'jp of students at each site to v/ork with the tutors. We tried to have 
two students work individually with the aid of a local tutor and the tapes. 
This proved to be unsuccessful; neither of the students was able to complete 
the work. The small group seemed to aid in the feedback process necessary 
for learning as well as for providing a social support system. (For further 
oiU«. °An^!l^ video-taped part of our program see "PRESENTATION OF CALCULUS 
TO RURAL AREAS THROUGH THE USE OF VIDEO-TAPE" by Dr. Robert Main.) 

LIMITATIONS 

The certification requirements in Oregon are very prescriptive For 
example, in order for a student to attain the Basic Mathematics Certification, 
he or she must have had two math methods classes plus demonstrate competencies 
in geometry, algebra, computer science and the theory of arithmetic, with 
the exact nature of each course being left to the institution. (Previously, 
calculus was included; it has been replaced by the computer and the arith- 
metic requirements.) The number of term hours is to be approximately 21 
The net recuU is that many of the participants in the THA-Master Program 
were not interested in completing the program. Their major goal was to 
attain certification by taki, only those classes which were required. Hencs. 
Refresher Geometry averaged i students per summer while the total enrollment 
in the Calculus classes during both summers and the academic year was about 20 
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Supenmposed upon this problem were fiscal problems of the students 
and the institution. Oregon has yet to fully recover from the recession, 
and jobs were uppermost in most participant's minds. Similarly the 
mimrpal class size was limited because all of the summer programs in Oregon 
receive no state funding. This caused us to drop two of the classes last 
summer due to insufficient preregi strati on figures, but neither of these 
classes vere required for certification. 

The other side of the certification coin in Oregon is that many 
areas require mathematics, so that students coming to us often had the 
prerequisite ?kills and did not need the introductory course. For example, 
every elementary teacher must have a minimum of 4 terms of math coursework 
prior to certification. 

Finally, the Calculus video-taped course needs renovation to bring it 
into line with the THA-Master philosophy and the needs of teach training. 
The current course har more of a.i engineering-physics flavor. Work also 
should be done so that it is more independent of the on-site tutor. An 
additional workbook and supplementary tapes should be produced to accomplish 
this goal, 

SPECIAL CONCLUSIONS 

Two positive spinoffs that have resulted from the THA-Master program are: 

1. We were able to offer courses which, in the past, would not have 
been offered due to low enrollment. This was because the FIPSE 
funds supported the THA-Master courses, and there was a larger pool 
of students who had the necessary prerequisites for the class. 

2. We plan to add one or more courses from the THA-Master Program 

to our list of permanent graduate offerings, making them available 
to all our graduate students. The Introduction to Modern Mathematics 
course, in particular, has the potential to uecome an excellent 
class for all our graduate students. 

FUTURE DIRECTIONS 

1, Western Oregon intends to continue the Mathema, cs Certification 
Institute through at least the summer of 1933. Ue are beginning to 
offer intermediate level coursework, which will help the participants 
of previous summers bridge the gap between Basic Mathematics Certi- 
fication and Advanced Mathematics Certification. 

2, We are considering reworking the video-taped calculus course in the 
manner described above- Additional tapes and a worl jook would be 
produced. We are also considering offering other courses thi-ough 
the instant replay format (video-taped), which are required for 
certification. 

FINAL CONCLUSIONS 

The great strength of the THA-Master Program (and it Director, Dr. Long), 
is it adaptability to a variety of settings. Oregon with its stringent 
certification requirements and rural setting is quite different from Long 
Island, New York or Dallas, Texas. Because of the prescriptive certification 
requirements, our students came to us better prepared than those at many of 
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the other sites. Cn the other hand to neet these state requirem'-nts the 
content of several of the THA-Master courses had t-o be modified. Without 
the flexabiluy to modify the program without changing its basic character 
and goals we would have not been able to accept the FIPSE grant. Through 
the THA-Master Program we have been able to meet a greater variety of re- 
training needs. 

A second strength of the program should be mentioned; the opportunity 
ICO share ideas and problems with the other site directors. This network 
enabled me to share with my colleagues here at Western Oregon the solutions 
and potential pitfalls found at other institutions, thus facilitating 
the development of our own program. 
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FINAL REPORT FIPSE SUPPORTED MATHEMATICS 
CERTinCATION INSTITUTION 

GENERAL CONCLUSIONS 

teaches Math in th^ PnSe S^^^^^^ pamcpHants, Terry Sime, 

rachin^fmif, ' enthusmm, can have tremendous impact in a raraf (caS? 

n-!;^ K ^.'"^^"^ of providing mservice tra ning to students located in mrn 
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Mathematics Cemfication. These students ^^ . ..edat two sites: SaJem ard Bend 
Oregon; some of them commuted 30-40 miles once or twice a week for viewing the 
tapes, picki ^ up copies of the tapes and group tutorial sessions. The tutorial 
sessions were crucial to the sucessful completion of the course, therefore, the choice 
ot tutors xor ihese sites was of crutial imponance. The test evaluation was done on 
campus, but the testing was done at the sites. A second crucial factor was having a 
j.nail group of studei.^s ar each site to work with the tutors. We tried to have two 
students work individually v.itli the aid of a local tutor and the tapes. This proved 
to oe unsuccessful; neither of the students was able to complete the work The 
small group seemed to aid in the feedback process necessarv for learning as well as 
for providing a social suppon system. 

Two positive spinoffs that have resulted from the THA-Master program are- 
« ^'aZ^ ^^''f ^° courses which, in the past, would not have been 
f '""^ enrollment. This was because the RPSE funds supponed 

the THA-Master courses, and there was a larger pool of students who had the 
necessary prerequisites for the class. 

2. We plan to add one or more courses from the THA-Master program to 
our li, t of permanant graduate offerings, making them available to all our 
graduate studena. The Litroduction to Modem Mathematics course, in particular 
has the potential to become an -xceUent class for ail our graduate' students. 

LIMITATIONS 

The certification reqi-rements in Oregon are very precriptive. For example in 
order for a student to attain the Basic Mathematics Certificatio.-, he/she must have 
naa two math r ^thods classes plus demonstrate compentencies ii geometry 
ai?ebra computer science and the theory of arithmetic, with the exact niitife of each 
com^e being left to the institution. (Previous!,, calculus was ' icluded; it has oeen 
replaceu by the tc puter and the arithmetic requirements.) .he number oft 
.i,°'^i'A°x^'^PP'^^'"'^^^^y The .:et result is that many of the par- Ipitantsin 
the IHA-Master progi'am were not interested in completing the program. Their 
^TLf to attain certification by taking only tiicse classes which were 
requu^d. Hence, Refresher Geometry averaged 30 stuaents per summer while Jie 
tPtai gnrt?|liTK^nr m the Calculus classes during both summers and the academic year 
was about 20. ^ 

Superimp ed upon this problem w. re fiscal problems of the students i^nd the 
institution. Oregon n.is yet to fully recover fron the recession, znd jobs v re 
u'^ "'°^\ P^jcipitants' minds. Similarly, the mimimai class size was 
limited because all ofthe summer programs in Oregon receive no state funding. 
This caused us to drop two of the classes last summ'^r due to insufficient 
preregistraaop figures, but neither of these classes was -equ-red fc.- certificatiun. 

The other side of the ceni^ication coin i.t Oregon is that many areas require 
mathematics, so that stud-nts coming to us often had the prerequisite skills and did 
not need tl.e introductory course. For example, eveiy elementary teacher must 
have a minimum of 4 terms oi math, course work prior to cenification. 

• if'u'^"^lT^!l^5/^'^"'"^ Video-.aped course needs renovr.aon tc bring it into lir- 
with the THA-Master philosophy md the needs of teacher training. The currc 
course has more of an engineerin^-phyrics flavor. Work also snould be done so 
that It IS more independent of the on-sue tutor. An additional workbook and 
£ .pp »ntary tapes should be produced to accomplish this goal. 
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FUTURE DIRECTIONS 



»i. ^' v^"^ OregOii intends to continue the Mathematics Certification Institute 
^^^l l^^'V'^l'^'^l^^^ beginning to offer intermediate, level 

course work, whi wiU help the parncirants of previous summers bridge the gap 
between Basic Mamematics Certification and Advanced Mathematics Certuication. 

2. We are considering reworking the video-taped calculus course in the 
manner descnbed above. Additional tapes and a workuook would be produced 
nf^^. other courses through the inst^mt replay formai 

{video-taped), which arc required for certification. 
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